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Annotation

The series or Drier Guides to Aeronautics and Space
Technology was prepared by the Editorial Division ofI
HANGKONG ZHISHI (JOURNAL OF AVIATION SCIENCE) and the
National Defense Industry Publishing House in order to
meet the requirements of understanding aviation science
and technology by workers in general, peasants, soldiers,
teenagers, and young adults, to better serve socialism,
to serve the national defense buildup., and to make new4
contributions to carrying out China's Four Modernizations.

The series of brief guides was prepared to makeI
available., in a fresh writing style., relying on plainI ~languages-layman's termns--to highlight complex subjects,
as well as present striki~ng diagrams and illustrations
to satisfy the reading needs of workers in general,, peas-
ants, soldiers, teenagears, and young adults.

Since our technical level is limited, there are bound
to be shortcomings and mistakes. We welcome constructive
criticism and suggestions from readers in order to promote
aviation science and technology.



i;i
!:i, Foreword

On a number of occasions, China successfully launched
artificial earth satellites, se'vrs! returning to the
earth on schedule. Aeronautical and astronautical tech-
nology has developed rapidly in China; many people are
most eager to learn about rocketry, missilery, aeronautics,
and astronautics. Organized by the National Defense In-
"dustry Publishing House, we prepared (from publicly avail-
able sources) some popular science reading publications
in order to introduce basic facts about missiles, air-
craft and spacecraft as well as the developmental level
and trends at home and abroad. So general readers can be

;made aware of the progress (of missiles, aircraft and space-
craft), the current state of the art and future trends,
characteristics, components, applications, configurations,
structures, and functions of major components.

Rocket technology has developed on a foundation of I
numerous branches of science; this is a solid manifestation
of modern achievements in science and technology.

There are rr.vny kinds of missiles, and aeronautical and
astronautical lauwch vehicles; so several guides were writ-
ten about them. This book is one of these guides.

There are many kinds of weapons from ancient archery
,to modern arms. Rocket missiles are one kind of modern

weaponry.

This book introduces missiles as one type of modern
weaponry; there are ten chapters. Chapter I is a brief
history of rocket developments. Chapters II and III are
about the classification nmd flight principles of guided
missiles. Chapters IV through~ VII oiitline the fuunctions
of major missile sections. Chapter VIII describes winged
missiles. Chapter IX tells about the ch aLc ristics of
cruise missiles, and the last chapter is about developmental
trends of ballistic missiles.

Siii



By reading this book, a reader can systcnatically
learn about the fundxnentals of rockets and missiles.

rhis book was prepared with g2oup discussion. A
popular science writer, Associate Professor Shi Chaoli,
and Jiao Yulin of the Editorial Division of H1ANGOMING
ZMISHI reviewed all trnauscripts, and gave much assistance
and guidance. Zhang Shaxin and others also did much work
on this book. To them, the authors express their sincere
gratitude.

Because of limited technical knowledge and reference
materials available to the editors, mistakes and short-
comings will inevitably exist. Reader criticism and cor-
rections are welcomed.
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VVI,
bRTa1' hISTlhY OF ROCKET DEVELOPMENTS

Jk,at Is a P-cket?

A single skyrocket flies off into a moonlit sky, dispalying a colorful sight.

We all are familiar with firework; especially, children like them. Firework are

often seen at celebrations on special holidays and on New Year's day.

What is a rocket? A skyrocket is the smallest and simplest rocket, often

called a flower rocket. The firework unit has an arrowhead, consisting of a paper

cylinder packed with gunpowder (flame powder). The exhaust gas pipe is nade of

clay; a fuse is attached to the pipe end. A stick stabilizes the entire firework

unit while ascending, as shown in Fig. 1-1.

(a)(

FJg, 1-1. Skyrocket
Key: (a) Flame powder; (b) Black powder;
(c) Combustion chamb•er; (d) No"zle;()
Fuse; (M) Guiding stick; (W) Rocket eai(ne.

S . .. ... .. i I I III 1,,. . . .. .. +F ...... 1 - i. Sk--"y• ocket. +• m



Why can the skyrocket ascend into the sky? It does so because large volunes
of' conbustion 2=ses quickly escape throui-h a nozzle after the black powder is

inited. The exhaust gases impart a reaction to the firewor'k; when this reaction

force has built up to an amount exceeding, the weight of the firework unit, it

ascend3 into the sky. Continuous coi,.l,u, ion of the black powder provides a
continuous gas flow discharging rearward. Thus, the reaction is continuously

applied to the firework for its continuous ascent. When the powder has burned

up, combustion gases stop being generated and the reaction force disappears. At ;'
that time, the flame powder in the top part of firework unit 1.3 iL ited, releasing

colorful flames. T'he burned-up rest due of firework gradually descends as the
power- is lost. This fact shows that the ascending firework is propelled by the "

reaction of combustion gases. This reaction is called thrust. The rocket cylinder ,
for combustion of the gunpowder anO the nozzle for the exhaust escape make up a

rocket engine. The black powder burnirg in the firework is solid fuel, which is

called solid propellant (including oxidizers and combustion agents).

Figure 1-2 shows a short-range rocket (using solid propellant), appearing

in the closing stages of World War II. The rocket is conmposed of a nose cone,
a combustion chamber, solid propellant, a nozzle, and fins. After igniting the

solid pmopellant by an ignition device, large volunes of high-temperature, high-

pressure combustion gases are liberated in the combustion chamber while the

ccnbustion gases quickly escape through the nozzle, a thrust (the reaction of

gas flow) is applied to 'he rocket as it flies forward.

V

(') (b) (c)o!.tr t (d)

Fig, 1-2. A short-range solid-fuel rocket
Key: (a) Nose cone, (b) Combustion chain-
ber; (c) Nozzle; (d) Fin; (e) Rocket engine.

Althourh the two exomplos mentioned previously are a toy and a priritive

rocket, yet the concept of producing thrust and the princi ple of foavard flight

can be applied to all rockets.3



We csu se fnom the auove exzwmples that the rocket engi4ne is an engine not

requirin at-,ospheric oxygen but only irites its self-contained propellant (includ-
ing solid fuel, liquid fuel, a'd a solid-liquid mixture fuel), and produces high-

temrperature, high-pressure combustion gases. The gases Quickly form a Jet to
produce a thrust for the engine. This is a main characteristic of rocket engine

and its distinction from other types of engines.

WhAat we usually call a rocket is a flight vehicle powered by thrust provided
by a rocket engine. In different usage.', a rocket can have different effective

payloads. If a warhead is installed, this is a rocket weapon, the so-called

military-application rocket. If a rocket has an effective payload other that a
warhead, this is the so-called peaceful-application rocket. If a satellite is

packed into a rocket, this is a satellite-launch vehicle. Besides, there are
high-altitude sounding rockets, hail defense rockets, and others.

The Origin and Development of Rockets

All countries in the world acknowledge that tVe rocket was invented in China.

As early as 683 AD in the early Tang Dynasty, a pill-refining chemist, Sun Simao,
st~rrnrized a method of compounding gunpowder, drawing from long-established prac-.,

tice of working people. In the final period of the Tang Dynasty, gunpowder was

used militarily.

In the early Song Dynasty, approximately 969 AD, Feng Yisheng, Yue Yifang,

and others constructed a primitive rocket (gunpowder rocket); it was gradually

improved and adopted as a weapon used during battles.

According to historical records, betwen the 11th and 13th century, rockets

were used during battles between Song and Jin forces and between Song and Yuan

forces.

i
In the 13th century, China's rocket and rocket technology were introduced

into Arab countries, and then into European countries.

In the late Ming Dynasty, rocket weapons were considerably improved. In the

16th century, flying swords, flying spears, and flying arrows (Fig. 1-3) were

constructed and employed for defense against Japanese bandits. Also made were

rocket vehicles, shooting off a shower of rockets.

3
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Fig. 1-3. Rocket Weapon

From the 17th to the early 19th century, Russia, India and England also
vigorously developed rocket weapons to meet their military needs.

In the mid-19th century, guns and rockets were used side by side. At that
time, there were smooth-bore guns with short ranges and poor precision. However,

!i!+!rockets were handy to use, with better performance. In the late 19th century, two

• inew techniques were applied to guns: new gunpowder with nitrocellulose and rifled

od gun barrels. Thus, ballistic performance was considerably improved with longer
ranges and higher precisi~on. Compar~atively speaking, there was no new development

in rocket with diminishin• military applications and stagnant production. At that

time, guns were ahead of -rckets. In the 1905 Russo-Japanese War and in World

War I, rockets were seldom used.

r - Although rocket development was slow, scientists in many countries consist-

ently conducted research and tests in rocket techxiology. Among then, were Russian

scientist Tsiolkovskl and U,,.dcard /Robert Hutchings Goddard7 of the United States.

Due to slow progress in solid propellants at that time, Tsiolkovski suggested the

possible use of liquid prnpellants with a schematic structure diagram (Fig. 1- 4 ).

In addition, he proposed designs for nultistage rockets and the concept of inter-

stellar flight.

In the 1930s, new achievements were gained in liquid propellants, new solid

propellaits, higb-temperature materials, and electronic technoloc-y. This added

new vigor to rocket weaponry. This was a renaissance of rocket technology. After

the 19110s, rocket weapons bec.-ee rniore and more important in warfare and a new
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rock•.• t u, t1:,e I T'1t1:.h cazt 1.al. After the v],'C.:, :cc-"t tec.nolory

enter,.! - q..'..: !...,.,.',, ... :t :•trv 1: wi11h the eC',ertence ,f ]f..r, cru'r'er zcckets,

such as the I !: 2:.ntaI ballist.Ac missiles, artificial ..tellites, and
cosmos sp'eoe:':" , In adfltion to mlitary applications, r cke, ,n widely

ent~loyed fcr I...,,:u! .acnes.

fA u>~E

Fig. 1-4. Tsiolkovski's liquid-
fuel rocket
Key: (a) Oxidizer; (b) Combustion
agent; (c) Crew and instrume.nt.

Although rockets originated in China, in old China rocket technology was

not developed for a long tibne because of the protracted rule of the reactionary

ruling class domestically and abroad. After the Liheration, under the leadership

of the Party Central Cormirittee and Chairman Mao, and the self-reliance and diffi-

cult strugZle of the Chinese people, rocket technology rapidly developed within

a short period. On 24 April 1970, China successfully launched its first artificial

earth satellite. Five and half years later, a recoverable satellite was launched

on 26 Yovember 1975. This satellite functioned niormally and returned to the

earth according, to a predetermined plan.

I -
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CHAPrI'R II

GUIDED MISSILES AND THEIR "ORGANS"

Means of Transportation and Weapon

A rocket is a flight vehicle propelled by a rocket engine. There are differ-

ent types of rockets; some are maneuverable while others are not. Actually, a
rocket engine is a jet engine using a self-contained propellent. After its

combustion, the combustion gases are expelled rearwarC at extremely hih4i velocity

to produce thrust (reaction force), propelling the rocket forward.

A rocket is an ideal means of transportation in overcoming gravitational

* force and conquering cosmic space in interplanetary or interstellar flidIt.

What is a guided missile? What difference is there between a rocket ana a

guided missile?

Controlled by an internal or external system, a guided missile relies on its

own power to deliver a warhead (such as a nuclear weapon) to a predetermined target.

' Therefore, a maneuver-able rocker carrying a warhead is one type of guided missile.

A guided missile may have a rocket engine, or another enrine type. This is

one difference between a rocket and a guided missile. A guided missile is a

pilotless weapon that can be used only once. Again this is one difference between

an aircraft and a ruided idssile.



Gulded•:,•:],; ,~''•d in ];,il, .A-ird %'.,.r T]". Geiiiajiy• was the fl:i-;t country
to successfully build fr~d-leuvcia'1b cckets, the V-2 ballIztic mlsoiles, a new

weapon at the time. In 29144, nez,,rinny launched V-2 missiles to attack London of

Britain. In all, 1050 nmIssiles were launched; 80 exploded at their launch pads,

while 370 failed to reach Lo)ndon. Only 600 missiles reached their targets, but

there were considerable flii.ht path deviations.

From World War II to the present time especially in the past two or three

decades, developments of guided missile have been rapid with ranges from short

to long. S$ome miss!.les can even fly over an ocean to cover both continents.

There are many types of missiles, which can attack different targets, becoming

the most powerful weapon in the modern age. We can say that guided missiles are

a solid new achievement of modern science and technology.

Varieties of Guided Missiles

The development of rocket technology fil is modern weapon depots with various

missile armainents; some are big while others are small. Some missiles resemble

aircraft with fuselage and wings; others are long and slender like wooden piles.

There are many varieties.

Classified according to fundamental missile applications (by launch point

and geographical positions of targets), there are the following major categories:

1. Ground-to-g-round missiles (or surface-to-.surface missiles) are

launched from gr'ound surface or sea surface (or undersea) to destroy targets

at the ground surface or sea surface (or undersea).

2. Ground-to-air missiles (or surface-to-air missiles) are air-defense
missiles or anti-missile missiles that are launched from the ground surface or

sea surface (or undersea) to destroy midair targets at various altitudes (includ-

ing warheads of ballistic missiles).

3. Air-to-ground missiles (or air-to-surface missiles) are. aLrcraft-carried

missiles that are launched from flying aircraft to destroy targe's at the ground

surface or sea surface (or undersea).

7
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4. Air-t-o-alr mi3ssiles are .ircrtfI.-cnY-ried nissiles that o.r launched

from flyhbilg aire! dft to destroy midalr tarrucs.

By range, guided nissiles can be divided into short range, medium range,

long range, and intercontinental varieties.

Short rarge missiles are iiLssiles 'Uth ranges of less than 1000 kilometcrs.

Medium razge missiles- are missiles with ranges of 1000 to 5000 kilometers.

Long range missiles are missles with ranges of 5000 to 8000 kilometers.

Intercontinen'al missiles are missiles with ranges of greater than 8000 kilo-

meters.

By outward appearance and characteristics, guided missiles can be classified

into ballistic missiles and winged missiles.

A ballistic missile is a wl.ngless, pilotless flight Nrehicle carrying a rocket

engine. The missile flies along a certain trajectory, mainly attacking stationary

targets.

Winged missiles fly within the dense atmosphere, mainly attacking mobile

targets.

According to the nutber of stages, there are single-stage and multistage

(two or three stages) missiles.

By stage Joining types, one classification includes the tandem type, the

cluster type, and the tandem-cluster type missiles, as shown in Figs. 2-1, 2-2,
and 2-3.

Additionally, there are other classificatory methods, which will be omitted

in this book.

"Orgmas" and "Systems" of Ouided Missiles

T•e huLrn body includes various orgnans and systems, like the head, hands,



digestive -,ystm•, and rc:Tlepratory ,.,If'm. V.-uat "or -LIs" d "[ystrms" are included

in a missile?

Gener-ally spa3d1g', -ay ty•pe of guided missile has "orLns" and "systems",

such as the propulsion system, fllght control system, missile f'uselage, and

warhead.

(e)a

(b)

(a)"I

Fig. 2-]. Tander type multi-
stage missile
Key: (a) First stage; (b)
second stage; (c) third stage;
(d) fourth stage; (e) Nose
cone.

Fig. 2-2. Cluster type nisslIe Fig. 2-3. Tandem-cluster type missile

Proputlsion System

First, we have to start an engine to drive a motor vehicle forward. Aircraft

engines also have to be started for ai aircv'lft to take off from an airfield. So

should an eni.]neo be slxirted to etnb]e a ml•s½lle to iscetid into the sby'? Of course,

an engine has to I(- :A;.•pted.

9



Tnere is a law of mechanical iimtion in nature. Relative to the earth, without

caV external force a body at rest .ill forever naintain its s3tate of rest. Without

any external force, a body at motion will constantly waintain its uniform strai{Int-

.line mtion. This is the well-kno%.,o Newton's First Law, the law of Inertia.
.,

The Law of Inertia clearly tells us that a push by an external force is neces-

sary in order to enable a body at rest enter a state of motion. To enable a body
i I in motion to enter a state of rest, an external force must be applied to stop it.

A missile follows the Law of Inertia.

"Why a missile can fly? This is because there is an engine in the missile;

the engine produces a thrust, which propels the missile. Generally, a liquid-fuel

rocket engine entails a combustion chamber and nozzle. However, an engine cannot

operate by itself and produce a thrust; also required are a propellant (oxidizer

and combustion agent), a propellant storage tank, and a transport and supply system

fur the propellant. The engine, propellant storage tank, and transport and supply

system are called power installations, or a propulsion system.

There are two principal categories of engines used in missiles: one is th!

ro.kct engine and the other is the air-breathinC jet engine. A rocket engine relies

on the combustion of the propellant (carried by the missile) to produce a thrust.
An air-breathing jet engine takes in air from the atmosphere and burns fuel (or

propellant, which is carried by the missile) to produce a thrust. Based on differ-

ent states of propellants, there are liquid- and solid-fuel rocket engines. The

air-breathing jet engines can be divided into turbojet engines and ramjet engines.

Flight Control System

The flighit control system (or, in short, the control system) of a missile

includes stabilization system and a guidance system.

The stabilization system serves to ensure that the missile travels (by main-

taming a certain altitude) along a predetermined trajectory toward a target.

For, a flight vehicle (aircraft, guided missile, satellite, or airship) to

maintain its flig)ht at a certain attitude, usually a pilot operates the flidht

Vehicle. I.'or a p•ilotl,,es flight vehicle, its rrneuverinr Is carried out by an

J10
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attitude stabilizing system. Thorefore, the function of the attitude stabilizing

system serves to staibilize i W-flight attitude of a guided mrissile, which is

prevented from random rolling and turning over during its flight so as to maintain

a certain attitude. The attitude indicates the angular position of a missile in

space; i.e. its roll anrule, yaw angle, and pitch angle.

The guidance system functions to control the motion of a guided missile's

center of gravity, so that it can travel by a predetermined guidance pattern toward

the target.

Warhead

The guided missile is an advanced modern weapon; its task is to destroy a

target. Conventional rifle bullets and cannon rounds destroy targets with their

warheads. A missile destroys its target by using a runctional part similar to

that of rifle bullets or cannon rounds. Sometimes, the functional part is packed

in the nose cone of the missile so that the part is also called warhead. Sometimes,

the warhead is packed in the midsection of a missile. To settle on a precise

term, this part (warhead) is usually called a combat payload for the purpose of

final or direct execution of combat.

Because there are varied combat goals and attack targets for missiles, to

effectively accomplish a combat mission there are also varied types, structure and

appearance of the warhead. As examples, when packed with nuclear warheads we call

them nuclear combat payloads and when packed with conventional dynamites, conven-

tional combat payloads.

Missile Fuselage

A warhead is needed for a missile to destroy its target. A propulsion system

is required to enable a missile to travel. A flight control system is required

for a missile to move along a predetermined route (trajectory) toward the target.

These three parts are needed in a missile. Only when these three parts are combined

into a functioning entity, is a missile then materialized; it can accomplish the

mission of destroying the target. For example, a human body is composed of a head,

two hauids, two feet, heart, liver, lung and others. So is a missile; the missile

fusela1*o connects the warhead, propulsion system, and flight control system into

]]
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a coriilete miissile. 'ihus, all parts tuid systems can be coordinated to exert their

respective fLuctions and finally accomplish the task of destroying the target.

Therefore, a missile fuselage acts as the final assembly for all the con4onent

parts since all are vital. The missile fuselage riot only connects all these parts,

but in addition the conn-ection should enable suioth flight with a desirable e:(te-

rior shape.

Because of different applications, there are different structures and exto-

riors. For example, a missile usually has no wing, only a fuselage. Some missiles

have very small fins. A winged missile has a fuselage and wings.

......



CHAPTER III

FLIGHT TRAJECTORY OF MISSILE

Discovery of Universal Gravitation by Newton

Newton was a British scientist, living more than 300 years ago. It was said

V that lie returned to the countryside the year he graduated from college. One day,

he was sitting beneath an apple tree. Suddenly, an apple fell to the ground. Newton

looked around; there was no wind.

"That's strange. What's the reason? Why the apple does not fly to the sky,

but drops to the ground," Newton was in deep thought.

The reason is that there are attractive forces among all matter. This force

is called universal gravitation. When an apple ripens, it does not fly to the sky

because the earth exerts an attractive force on the apple. Similarly, after a Junp

one has to drop to the ground. Because of universal rxavitation, the moon., planets

and stars stay in the sky.

Based on the universal gravitation discovered by Newton, we can explain the

motion law of cannon rounds and missiles and understand their flight paths.

Trajectory

How does a nd.ssile ho~ve in space?
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Peop•e walk on roads; vehiclcs move on tracks; aircraft and warships have

navigation routes; and, of course, a missile also has a "rmvigation route," which

is the so-called flight trajectory (flight locus). More precisely, under the

acticn of various forces a missile follows Nature's law to make a certain motion.

The flight trajectory is the moving locus of' the missile's center of gravity.

In a general situation, the motion locus (trajectory) of a missile is a three-

dimensional curve. Under certain conditions, the lateral motion of a missile is

very small, so it can be neglected. Therefore, the three-dilnensional trajectory

can be simplified into a plane trajectory. Thus, the flight path of a missile

becomes a plane curve in the plumb vertical plane.

According to the characteristics of a missile trajectory, generally there are

three categories: the first category includes missiles attacking stationary targets.

Trajectories of this category of missiles are prespec) led (predetermined). After

launch, the missile cannot change its path but only follows a predetermined curve

toward the target. This describes the trajectory of a ballistic missile. The

second category includes missiles attacking movable targets. The trajectory cannot

be predetei'mined before launch becanse this is a random trajectory determined by

moving target situation. Trajectories of most winged missiles (such as air-to-air,

air-to-ground, and ground-to-air missiles) are of this trajectory category. The

third category :ndicates trajectories of aircraft-type missiles capable of attacking

movable targets and also stationary ground targets. Generally, trajectories of

this category are divided into two parts: one t.art is predetermined by a program

while the other part is determined by target characteristics at that time.

Varied Forces Acting on a Missile During Flight

The motion of a body is caused by an external force (or forces) acting on it.

The kind of external force H.•termines the kind of motion locus. Uhe trajectory of

a missile is determined by the external force acting on it. The magnitude and
direction of the external force determine the trajectory of a missile.

What forces act on a missile during its flight?

The principal forces acting on a missile during its flight are as follows:

engine thrust P, gravItational force G, and aerodynamic force R, as shown in

Fig. 3-1.
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Fir. 3-1. Forces acting on a missile
Key: (1) Center of' g•ravJty; 2. Anfle
of' attack.

A railroad train runs fast because a powerful locomotive hauls it. A rocket

flies at very hi[7) speed due to enormous power of its engine.

Thrust P The thrust is a force acting on a rocket due to its
engine's operation. This force is obtained because of propellant combustion to

convert chemical energy into kinetic energy. In other words, large volumes cf

combustion gases after propellant combustion discharge rearvward to produce a

thrust. This is what Newton's Third Law says: any force produces a reaction force;

these two forces are equal in magnitude but opposite in directions. For example,

a small boat stops sailing by a windless, tideless lakeside. When a person standing

on the boat throws a stone forcefully toward the bank, a force (reaction force)

simultaneously acts on the boat. This force pushes the small boat moving away from

the bank. This reaction force pushing the moving boat is similar to thrust produced
by a rocket engine. The thrust of a rocket engine is always opposite in directi.n,

from that the combustion gases rearward discharge.

Gravitational force G Any two bodies A and B on the earth produce

attractive forces between them. The miagnitude of the attractive forces is propor-

tional to the masses of these two bodies, and is inversely proportional to the

distance between them. However, since the earth has a colossal mass, its attractive

force is much greater than any of the attractive forces between A and B. The at-

tractive force exerted by the earth on a body on the ground is called gravitational

force. Because of the existence of gravitational force, people cannot fly at will

in the sky without a machine to overcone the gravitational force. On the other

hand, people can walk and perfonn activities on earth Just because of existence of

the gravitational force.
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The I'o-cal2ed .av it atior.a-l for•,e is the attractive Furc e (I" tlU, ou-:i exertud

by the center of g-avity of the eo',th (as shown in Fif., 3-,.).

,'

Fig. 3-2. Gravitational
force acting on a missile

The gravitational force G of a missile is the result of the attractive force

exerted by the earth's center of gravity on the missile. This can be expressed by

a formula: G=mg

In the formula, in is mass of the missile and g is the gravitational acceleration of
2the earth. The gravitational acceleration at ground level is go=9.80 m/sec

The aerodynamic force R When you open an umbrella, you will be aware of

a force acting on the umbrella if the wind blows on your face and you hold the

utbrella inclining rearward. The wind force pushes the untbrella backward and up-

ward. When you sit in a running car and stretch your hand outside, you feel a

force pushing your hand backward. These phenomena indicate that a force is acting

on a body if it makes relative motion in the air. This force is called aerodynamic

force.

Is a missile ar ted on by an aerodynamic force when it flies in the air? Of

course, there is a force. The missile is acted on by aerodynamic forces distributed

on the surface of the missile body.

When a missile flies in air mediumi, aerodynamic forces are distributed on the

surface of the missile body. All these forces can be combined into a resultant

(resultant aerodynamic force) acting on the center (focus) of the aerodynamic forces

of the missi e, and a couple (resultant aerodynamic couple) around the focus.
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Ir,.'... [. ... K. ... .+ cc' .'w\+•.. u s ric Oxyz (Ft,'I.;. 3-3): " .- . .... ,• Cf,

So' . -.. ~~�:" ¢•,rclynmic center (the inirl c,,ct.: , of tr.e

vert,. 1 a, ." :, l the resultant forc of tho :Y-:,.:: c forces);

the axi, j, , velecity direction of the miss•]e; the Cxlz ey is located

in the plUam t.' 57::•2, of' the missile anid points upward; and axis C,- is perpen-

dlcular to tic: :, i j xy and points to the riuhit (rivhthruid ccordcihýte system).

Fig. 3-3. Velocity coordinate system

Jroject the resultant aerodynamic force R onto the velocity coordinate system.

The component X opposite to the direction of the Ox axis is called resistance: the

component Y along the Oy axis is lift; and the component Z along the Oz axis is the

lateral force. Therefore, the direction of resistance X is opposite to the missile's

flight direction. -he directions of lift Y and lateral force Z are along the Oy axis

and Oz &'is, respectively.

The aerodynar ' force is closely related to the angle of attack a and the

Mach number M.

The Mach number M is expressed by tha i'atio of missile velocity to the velocity

of sound. If M=10! this means that the missile velocity is 10 times the velocity

of sound.

The angle of attack a is the included angle between the missile axis and the

velocity vector. For ballistic missiles, the angle of att-ack is small, usually

several def.Tees.

Lift Y Where does the lift come from? The ordinary airfoil type of
• low velocity alrcraft • s teei as n-i exuTmple. Figure 3-11 shows an unsy=metrical
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S• • i ' . . .. o-, .. .. . ... . ~

!I.(- •(i ,'-r'e of C r'V'I Ilt (:f, I,' tup e'r S 1 .1:t. 1 ',8 • t.er tha-ni that of

th, 1u- p :-:,ft:u t.,'n air paluv:: by t hi tyre of' 01 n,', w .'eLines app..ear like

a st.,e.uni tuib,, with variable cis 2.ct, lonn. "The cross s,,ction of the stream tube

near the u:'per surface is very s:;n 11, so the strearn velocity at these locations is

considerably increased with roduccd pressure. Mhe cross section of the strean tube

near the lower surface is not as nuch reduced as that of the upper surface, so pres-

Fig. 3-4I. Producing of lift Fig. 3-5. Pressure dis-
for an an irfoil type tribution for an airfoil

type
Key: (a) Distribution of(p-pa) at the upper surface;

(b) Dit0  uln of (p-po)A at Dhe lower surface.
SThe principle of producing lift by other parts of a missile •'uselage is the

same as the production of lift by the profile of an aircraft wing. The lift of

the entire missile .s the sr n mtieon of all lifts produced by various parts. .ow-

ever, generally lift is produced by the missile wing. The direction of lift is

perpendicular to the direction of relative velocity, the greater the relative velo-

city, the greater the lift. The llft of the missile fuselage is proportional to

its cross-sectional area; the lift is also closely related to the angle of attack.

This can be expressed by the following formula: y,•C._IPV•SM

In the fonnu~a, P is density of the atmosphere; V is missile flight velocity; SM is

the nmaximun cross-sectional area of the missile; and Cy is the lift coefficient,

typ

which varies with missile config at ion and angle of attack y: The variation of

the lift coefficient with airfoil type is shofi o in Fira. 3-6.

te e

ever geeraly lft s poducd b th misilewin. Th diecton o lit i
perpediculr tothe drecton ofrelaivevlcttegetrterltv eo



cl,
C,..-

i.

between C. and a resistance coefficient Cx, Ct,
Key: ( 1)YSyMxTatrical and M
cross section; (2) Unsym-

metrical cross section;
(3) Critical.

Aerodynamic resistance X during ndssile flight can be expressed by
X-CL- PVIS,,

'2
In the equation, p , V and SM express the samie quantities as in the lift formula.

C is the resistance coefficient, which is related to flight altitude, angle of

attack u, and MIuch number M. Figure 3-7 shows the relationship between the

ras-!,s5 ý3nrie coefficient and Mach number for V-2 ballistic missile.

Iiteral force Z The lateral force is also called the lateral-direction

force. When a n'issile makes a side-slip flight or when its rudder (it functions
like a ship's stern rudder) makes a deflecticn angle, a lateral force is produced.

The 1. teral force is always perpendicular, to the longitudinal symmetrical plane of

the missile.

Principles of producing lateral force and lift are the same. The lateral
force coefficient is similar to the lift coefficient.

Additionally, there is a problem of control force. By its characteristics,
this force can be considered as an aerodynamic force or an engine thrust. How

can this problem be understood?

A ballistic missile has to turn and aim at a target, or a winged missile has

to track a tart"et with mar-neuvering flight. At that time, the missile has to

change the original state of motion at every instant. We know from Newton's

First L.aw of Motion; at that time, a force or couple is required. The force
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iriuuVwr111, a VIA L;SIU to turn (or rorf'onn a m.!ncnouvoritni- fail-)it) is called the

contro•l force. 'Iiju .x•,cutiorQl u.diani of a midsile serves to produce and control

sit'al-3 fov [l, ort Int',ally rnc, uvering forces and couples used in missile fl1iijt.
7he execution r!cchu,.UIm include., a maneuver mechanism and a driving device (used

to drive the 1ul, iuvcr MItchaxAsm).

LThe t:zeuver ;cch nism is classified into an aerodynamic-force maneuver

mechanisui and a coii bustion-gas-pavered maneuver mechanism.

The aerodym-iic-force maneuver mechanism is an air rudder, which can be

installed at different parts of a missile to produce various necessary control

forces. T1he air rudder, which produces a fiorce to activate pitch notion on a mis-

sile, is called the elevator. The elevator is installed at a horizontal fin. The

j air rudder, which produces a force to activate drift motion on a missile, is called

the rudder. The rudder is installed at a vertical fin. The air rudder, which

produces a force to activate rolling flight for a missile, is called an aileron.

The aileron is installed at the trailing edge of a missile wing.

The combustion-gas-powered maneuver mechanism can be classified into the

following types:

1. Oscillating combustion chamber or swinging nozzle can completely deflect

combustion gas flow discharged from the engine.

2. Mechanisms partially deflecting combustion L[s flow include combustion gas

rudder, deflector and maneuver mechanism (as shown in Fig. 3-8) for injecting gas

or liquid into a nozzle.

(a) (b) (C) (d)

Fir:. 3-3. Several types of Rnneuver pl;.ui

Kcy: (a) Conmbustion [gas rudder; (b) V"ew
dý:Tfecthlt rinl,; (c) Oscillating no:110:],";
(d) 'ho-time injection.
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•'n 4? 'V f.f,74•j 'rru- a''.tr¶ ,•rr ,-,v•l~Pi9 -'r

3. 'he rlmliouvor iLtchani:mi ac1ustJinir the thrust of sevural coiibustion chatrbersj/ can lead to a thrust dl.ff•,tei r n kuit w(-- cIlilu:,:on-cl 'x.ber. ovr rultI-nC:;g:;, i

Th1rouili the execution iiechardsmi, a missile produces a control force. A control

torque is orox~rd ao thu contr-ol force is acting, on a point other than the center of

gravity. Actd on by this couple, the missile rotates aroun•• d the center of Cravity

in order to kimneuvQr the w;isoilc to turn or perform maneuvering flight.

Flighit Trajectory of Ballistic Missile

Let us first take a look at the flight of cannon rounds.

A round continuously accelerates inside a cannon bore under the action of hig-,h

pressure gas. 51he round attains a very high velocity at the bore exit and flies
at a certain pitch -:agle (the included angle between warhead axis and thie horizon).
After leaving the cannon bore, the round flies toward the target along a parabolic

trajectory while acted on by the gravitational force and air resistance, as shown

in Fig. 3-9.

S< -"0
"Fig. 3-9. Parabolic trajectory
zf a cannon round
Key: (*) Point of .initial firing.

,I
For rounds with the same pitch angle, the highner the muzzle velocity the

farther a round flies and the fgeater the range (the ground distance from the point

of initial firing to the target). However, for rounds with the same muzzle velo-

city there are different ranges for, different pitch angles. Theoretically speakdng,

the rarne is the greatest at a 45° pitch angle.

This is to say that the flighit trajectory and range of a cannon round are

deterrined by its muzzle velocity and pitch angle.

Ballistic mlsslleCl, are similar to cannon rounds. When a missile stating fly-

ing, it contilruously accelerates u'nder the action of the ryocket engine thrust. At
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• • ••.... • --.•'= :•• •.-.- ;_,-.- .'.,-.,:,:r........... *",:t - -.... " ...... ."-- " 1 -. - -'_________________________



Sa Ceutaini 111L;ta11, (undcr pr'edutclInuicd codi.tions), tK•c, entgine power. is cut off to
sep)alatoe .1h(Illad a111d la1.,8•Sile T'u., r.1The warhead I'lies to-rard the targýet ut,dor

the actiton of gri•v'it:•lional for'co. Therefore, the flijght phase of a missile in-

cludes the powCerd phase and the inertia phase. The missile is pushed by the

englne and flies under the action of the control system. Mhe trajectory of this

sector is called the powered phase. At the instant of enL~ne cutoff, the point

corresponding to the trajectory is called the tenninal point of the powered phase

of the trajectory.

When the engine and control system of a missile are not opert , the mis-

sile flies toward the target along a free trajectory by its (missile's) inertia

like a round flying out of a cannon bore. This phase of the trajectory is called

the inertia phase. The flight path of a missile's inertia phase is mostly outside

el the atmosphere; the missile is only acted on by the gravitational force. There-

fore, the free trajectory is an elliptic trajectory. In the reentry phase approach-

ing the target, although the air density is Vradually greater, the elliptic shape
of the trajectory almost does not change. The flight distance of the inertia phase
occupies about 90 percent of the entire missile range. We can see that the ballistic

missile is similar to a cannon round, traveling along a free trajectory; this is

the reason why this term (ballistic missile) is used. The characteristics of a free

trajectory are determined by initial conditions (velocity and pitch angle) of the

motion. By obtaining the initial conditions, a missile primarily relies on con-

trol in its powered phase. In other words, the missile relies on the required (by

the powered phase) velocity V and trajectory pitch angle B (the included angle

between velocity vector and local horizon) as attained in the powered phase. How-

ever, a cannon round only relies on pitch angle and muzzle velocity caused by its

motion within the aimed (cannon) bore. Since the range of a cannon round is short,

thu point of initial firing and impact point can be considered within a plane.

Therefore, the best pitch angle of a cannon round is 1150. However, the range of

an intercontinental ballistic missile is about 10,000 kilometers; therefore, the

best pitch angle is about 200 due to the earth's curvature. Since a cannon round

flies within the dense atmosphere at low altitudes, there is considerable aerodynamic

force acting on the round. Therefore, a cannon round travels along a parabolic

trajectory. However, a missile basically flies along an elliptic trajectory, as

shown in Fig'. 3-3-0.
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(1) Y0

Fig. 3-10. Elliptic trajectory/ Fig. 3-11. Several ang~les
Key: (1) Trjectory; (2) Earth's within flight plane of acenter missile

When a ballistic missile is designed, the range has been determined (generally.

• decided on by the General Staff). TIhe impact point and the trajectory of the iner-

tia phase are deteni[tned by the missile's motion parameters Vk and •kat the

terminal poinit of' the powered phase. Therefore, only according to a given range

in dete--.rinin,-, ý, gro)up of Vk and ak can a fli~nt trajectory of powered phase be•

designed to ena-.e the missile travel along this trajectory. While arriving at

the terminal ,of the powered phase, the missile just attains the design

values of Vk and balkl This can ensure that the missile is capable of attainingerl

the design rSif)e. eheip designing the flight trajectory of the powered phase, of

course except satisfying the range requirement, other requiren ents have to be I
satisfied such as small deviation of the impact point, desirable flight stability,

convenient maneuverability, and adequate streno.h for missile fuselage.

In order to enable a missile travel along a powered phase trajectorya as

designed, first a flight program (or flight plan) of the powered phase has to be

designed accordian.e to the trajectory of the powered phase. In other words, this

serves to prescribe (to design) a law varying with time for a prescribed (design)

ranve anle (or pitch angle) of th e stnle.h fr miss he f ncluded anlle

between the tssile's vertical axis and the horizon at launch, so that o=D+a (as

shown in Fig. 3-11). Then, according to the flight program of the powered phase,

a program itichanism can be designed and built. The program mechanism can be

mechanically installed or it may be present in other forms. At pre6ent, there

is a steel belt cam typo and a ,,ar cam type with mechanical installation. Other

foivis of progranm nrchaniom include perforated tape memory device and magnetic tape

memory dev:I cc.
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Insta1 1 'pri . ':,1 t,",Ub:• l :ht:• I rd ot.h1r i, lrmtr'utmnts In a r11s31 C. I l lii t., .

.P.O1'(.•ri to, La OQ ,.cttd tr-•iJcctol-y prnc;-!zan the pror'ra-r. rmochnullzm sond. instructions

for eni•ine cutoff "izd ;; oprmiation of warhead P•rom missile fuselafe. In addition,

the pro-jvmn r:i.chnnlstri serxlds instructions to conduct continuous soundl!nf-s of exterior

nt~cr'furmce to sensititCve elerints (such as accelerometer and (yr~Ycope) and

M -si I eotion. 'hus, control sipnals are produced. Throulih exchaij-e and wrplifi-

cat,j:1cii Of intcid(iiate devices and tmiasfer to maneuver mechanis-•ms (oscillating,

cl:.1i"ie or combustion ga, rudder), these sim7-als can gener-ate correspondini" control

foices to wianeuver the missile to travel alongr a predeternined trajectory. Tf a

mdssile can canpletely execute the flight proLTam during its flidit, param.eters

at the teeimlrkil point of the powered phase can attain the desijgn values. qhen the

missile can travel alone a predetemnined trajectory and hit the target accurately.

Generally, the flight proUam of the powered phase (of a ballistic missi].e)

cawi be divided into several characteristic phases, such as vertical takeoff phase,

turninin flJfiht phase, -and constant value progxm.n phase. TIhe inertia phase trajec-

tory cwi be divided into free flight phase and reentry phase, as shown in Fig. 3-12.

44 1;3LJ (L3) ,,,

(1) ,',.'.s•--
(2)

Fig. 3-1.2. Flight trajectory of' ballistic missile
Key: (1) Altitude; (2) Horizontal distance; (3)
Point of power cutoff; (B) Constant-value pinroam
phase; (5) Rinming phase; (6) Vertical phase; (7)K Powered phase; (8) Inertia phase; (9) Renetry phase.

Vertic.l. ascent phase Within the first several seconds after launch of

.il'• tn & ... nlsllo, usually the flipht trajectory is designed into a phase of a
S.. i 0:Lh'41t lin, qhle missilt, is erected on a launch pad. After engine

ho 111111"'Iu 1icion.;es continuously. Uhen the timhrst exceeds the missile

, ~ :1 : t v ..rt-I crlly ,'aconds from the launch rid,. As the eoncne thrust.

at



contirluowCu5y I flk.,I-,s . i.•rd quicakly Itt It •is JI v'ated value, %n.id the pflvpellant

conitinuously deplete: at a rapid pace, the missile weirht continuously decreases.

LI Althouwli the inLl.,-ile flies vertically upward in the dense atmosphere, yet the n:l;-

sile velocity still increases quite quickly. After several seconds of vertical

fliý-ght and the missile velocity attains a certain value, the flitit is comparatively

steady. Mhe miissile be.iýins to turti under the influence of the control system, and

enters the turrninC; fliLlit phase.

Why a vertical flight phase is required? P'ocause a ballistic missile is

big and its thrust weighit ratio (the rate of engine thrust to takeoff weight) is
not too high (usually l.Th1.5). The vertical flight can ensure a steady flight

within the first several seconds, not to drop back to ground. Besides, the launch

installation is comparatively oMimple with convenient, initial aiming onto the
target. The missile can quickly travel out of the atmosphere to relatively reduce

energy loss. Therefore, usually the trajectory of ballistic missile is a verti-

cally ascending flight with a vertical launch.

Turning flight phase After several seconds of vertical ascending flight,

a missile (tnder the influence of the control system) deviates from the state of

L vertical flighit to slowly incline and turn toward the target in order to transfer

into a predetermined elliptic trajectory. The trajectory of the turning flight
phase is an arc. The inclining and turning of a missile should be proceeded

slowly. A large lateral loading will be induced by a quick turning. Thus, the
trajectory is likely to be destabilized and unnecessary troubles will develop in

the control systems. In addition, the missile fuselage may be broken.

While designing the turning flight phase, the missile's angle of attack should

be limited; usually the absolute value of angle of attack is limtited to less than
30. Selection of turning time should be repeatedly calculated in order to attain

a comparatively reasonable figure. Usually, the turning time varies between

several seconds to between 10 and 20 seconds. In the case of intercontinental

(ballistic) nmissiles, the turning time is generally between 10 to 20 seconds.

The problern of sound barrier appears in the development process of fliCht

vehicles. The so-called sound barrier can be explained as follows. when the flight

velocity of a flMght vehicle approaches the sonic barrier, the vehicle develops

violent oscillations and becomes difficult to control; vern d,-uwijvs iiny sometimes

occur. Since the r•uded titssile is one type of flilht vehicle, this problem
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osilrd],•']y exi'sts. 1.1icn the ru8:Il! fliglht enters the t~ransorac zone (the flI "ht

velocIty is 0.8&'U.3 tilles the velocity of sound; i.e., t•1=0.8\1.3), the aerodynamic
forces acting, on the midssile vary widely, lift and resistance force increase

considerably. The centor of aerodynamic forces (pressure center) moves rapidly

black aýd forth, cuusi3ri violent oscillations in the missile. qhe operating

conditions of instr'uints (carrled by the missile) deteriorate; it is difficult

to control missile flid"ht alou'nc- a design trajectory. Onl serious occasions, the

missile may be broken. It is necessary to shorten the missile fligrht time in the

transonic zone as much as possible, and the variation ranCe of the gas dynamic

center and aerodynamic center should be kept small. In order to achieve this

point, the missile should travel with its angle of attack equal to or approaching

zero; this is a condition that should be ensured in designing the turning phase

flight proLTam. In this phase, the vertical missile axis turns while acted on

only by a component of gravitational force until the program angle ¢ attains the

predetenrined value of

Constant-value programi phase 'This is the final seL-nent of the powered

phase trajectory. The flight program of this phase should consistently maintain
the program angle at the stipulated value rk ( is determined by range require-

ments) obtained in the previous phase. Under the influence of control system in

this phase, the missile maintains a constant 4 k value and travels along an inclined
straig)t-lint trajectory. The engine thrust incessantly accelerates the missile.

When the flight velocity attains the velocity Vk value at the terminal point of

the powered phase, the control system sends an instruction to cut off engine power

as the powered phase ends. At that time, the control system sends another instruc-

tion to separate warhead from missile fuselage. The warhead then begins flight in

the inertia phase.

Free flight phase At the terminal point of the powered phase, the

unessential parts (such as missile fuselage and engine) aie cast off. The warhead

travels alone outside the atmosphere. During this flight phase, the warhead has

no thrust and no air resistance (actually, there is still very little air resist-

ance because it is not a perfect vacuum but with thin air). The warhead is acted

on only by the 1•'avitational force. Only with a slig-ht di turbnnce, the tmissile

will tun over without any restraint. This is so-called total "free travel," The

flight of missile in this phase does not have a definite direction.

;?



P.,,•,f. s phaV, When a minssile travels near the tar)et (finral phanse of

trajectory), It, (1 Iw, missile) beov-ins to enter the atrnosphere (about 80 km over sea

level). As air resistance L-a(]ULlly increases, the warhead with its stabilizer

cannot randoily turn over but is braked anid stabilized. The result of brakIng

and stabill'zation ý,,enerally can ensure the warhead (with stabilizer) rushing down-

ward to the target.

Due to increasing air resistance in the reentry phase, the fli[nht velocity of

the missile gradually decreases. At the same time, the missile confronts aerodynam-

ic "heat", which raises the surface temperature of warhead to thousands of degrees.

Where does such aerodynamdc heat come from?

(1) Because of violent collision between the missile and air molecules, the

air is under high pressure and its temperature rapidly increases. The heated air

transfers large amounts of heat to the missile, greatly increasing the warhead

temperature. (2) The viscous friction between the warhead and the air also produces

some heat, which is transferred to the warhead to raise its temperature. Since the

relative velocity between the missile and air is quite high and the air is very

dense, aerodynamic heating is very serious. This can raise temperatures at missile

surface to higher than 10000C, molting the metal shell. In addition, instrunents

in the missile may be damaged and the powder package exploded. Therefore, heat

shielding during the reentry phase is a very -important problem.

There are many types of heat shielding measures. For example, the missile

exterior is coated with special materials, such as carbon or magnesium oxide. Low

thermal conductivities of these materials and, during their melting and evaporation,
considerable heat absorption can prevent the heat from being transforred to the

missile in order to protect the warhead. This method is called the ablation

method. Moreover, there are other methods.

The flight trajectory of an intercontinental ballistic missile resen'bles the

trajectory of single-stage missiles. Only the powered phase of the flight trajec-

torj of a multi-stage missile is based on the continuous operation of different

engine stares. After the operation of an ergine stage, it is jettisoned. The

instant of power cutoff at the final stage corresponds to the terminal point of

the powered phase. The fliiTht trajectory of a multi-stage missile is shown in

Fig. 3-13.
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LAIw (3)

Fig. 3-13. Sketch diagram of
trajectory of a multi-stare
ballistic missile
Key: (1) First stage; (2) Second
stage; (3) Trajectory of third
stage.

Flight Trajectory of Winged Missile

A winged missile is mnaneuverable while attacking a target. The line of missile

flight is controlled according to the relationshir of relative motion between the

mdssile and the target. Therefore, the motion of target can always directly or

indirectly determine the motion of missile (the trajectory). The motion of a

target under attack by the winged missile is variable and there are many guidance

methods of this category of missiles with complicated combat situations; therefore,

the flight trajectory of a winged missile cannot be determined in advance (varie-

ties of possible trajectories). Thus, a winged missile does not follow a trajec-

tory in the form of a typical curve like the trajectory of a ballistic missile.

In the following treatirent, we explain several guidance methods with examples.

For a convenient explanation, first a relative-position diagram of a missile
and a target is shown within any instantaneous attack plane (as shown in Fig. 3-14).

In the diagram, the connection line between missile and target is called the

target line. The included angle r between missile's velocity vector and

target line is called the lead angle of the missile.

1. Tracking Guidance Trajectory

The characteristics of tracking guidance enable the missile to travel towcard

the target at all tines. In other words, the velocity vector of the missile

consistently points to the target and coincides with the target line (missile lead
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anl .... 0=). At; the vw,, .1 (P11: ourh h the Uisroi]. the t 'cli i (P1 ice trvj e-
tory irs sho.M 1n 1I. 3-15-. 1"i the' fituro, 00', 11' aid 22' are ta•ret lines at

different timnes. lowcver, th, vlhcity V at one of the points alwa1s tz~nds

toward the targ0tt. riherafore, at the final point 4 (or 4'), the missile strikes the

tarj-et. A6 shown in thu fi)1j.,, curve 012 3 14 is the tracking guida.nce trajectory

under such a situation.

'0', / I

Fig. 3-14. Relative position Fig. 3-15. Flight tra- Fig. 3-16. Straight-line
of missile and target jectory of tracking trajecto-, of parallel
Key: (1) Missile; (2) Target; guidance approach

missile'

2. Flight Trajectory of Parallel Approach

The crucial element in a parallel approach is as follows: in the guidance

process, the direction of the target line in the air is consistently maintained

constant. In this situation, when both the missile and the target encage in

constant-velocity straight-line motion, the missile's flighit trajectory will be
a straight line with a constant direction (lead angle 77-constant). This straight

V; line extends to the point of impact (the collision point of missile and target),

as shown in Fig. 3-16. If the target engages in maneuvering flight, the missile

velocity also varies. In this case, the lead angle of the missile is varied; the

flight trajectory of the missile will be a curve.

3. Flight Thajectory of Three-point Coincidence

The crucial element of the three-point coincidence guidance method is to

enable the missile to always position itself in the connectior line between target
and conmand station. ViewA ng from the coimand station toward the ,arget, imam•c,

of the missile and tarUget always coincide. In other words, the 7ormand station

missile and tavtvt always lie along a straight line. This stralght line turns in
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Fig. 3-17. Three-point-
coincidence flight trajec-

i< tory4f! Key: (*) Conmmand station.

Flight ý'rajectory of Aircraft-type Missile

As shown in Fig. 3-18, the trajectory of an aircraft-type missile is mostly

a straight line; the Itain parts of the trajectory are almost in a horizontal state.

The missile flight proceeds according to the predetermined flight program, and

only while approaching the target is an automatic homing (seekirng• tarnrget) sometimes

added for automatic ai•mng. Generally, the trajectory of an aircraft-type missile

is divided into initial phase, horizontal phase, and dive phase.

.+ ,J

Pig. 3-18. Schematic diap'am showing trajectory
of aircraft-type guided missile
Key: (*) Target.

ATn.itial phnse (0%1) This is a clinbing phase for gn.unc-to-ni. ,wksoiles

or Mound-to- '2 tNU wl P1 ,,, ; this is a continuously ciimbinvi ore (do ,ct.cllir' h



I for air-to-f7'ouid :id;sile after lawuch from a mother aircraft.

Horizontal phase (l-2) This includes most parts of the entire traje. tory.

In Lhis phase, the engine thrust is balan~ced by air resistance facing the missile,

and the missile's lift is balanced by the gravitational force. Therefore, the mis-
sile makes a nearly constant-altitude flight on a horizontal line. This kind of

flight is called cruise.

Dive phase (2-v3) This is the final phase of the entire trajectory.

While still in the air but approaching the target, a ground-to-ground missile or

airr.to.-ground mii-.ssile is in a transitional stage from horizontal flight to dive.

In order to raise the accuracy of the impact point, in this phase a homing system

is used for automatic alning. What the ground-to-air missile attacks is a maneu-

vering target in air. After completing the horizontal flight, usually the missile

uses automatic aiming to hit the target.

iti
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CHAPTER TV

MULTISTAGE ROCKIT AND ITM CONTINENTAL MIESSILE

Can a Single-stage Missile Be Used to Launch an Artificial Earth Satellite?

Rrom the last chapter, we know that the range of ballistic missile is deter-

mined by velocity Vk and trajectory pitch angle D at the terminal point of the

powered phase of the trajectory. As we know well, the range of a rifle (or cannon)

bullet is determined primarily by muzzle velocity of the bullet and pitch angle of

the rifle (or gun) barrel.

For the launch of a launch vehicle of an artificial earth sa&'ellite, generally

it is the same as the powered phase of a ballistic missile from engfine ignition and

takeoff to separation of satellite from the rocket (also called the powered phase

of the trajectory). The magnitude and direction of rocket velocity (i.e., the

velocity and trajectory pitch angle) at the terminal point of the powered phase

flight @.an detennine the satellite orbit. rllierefore, the magnitude and direction

of velocity Vk at the terminal point of the powered phase of the rocket or ballistic

missile should be discussed in detail. The magnitude and direction of velocity Vk

are cha:7acteristic parameters determining the missile range and satellite orbit.

The rocket velocity is iiscussed below.

The velocity V, at the terminal point of a rocket's powered phase is deter-

mined by forces nct.intý on the rocket. Thereforo, in order to increase the velocity

Vk we have to incrrca•e the flow velocity aud niss ratio k of the exhaust -ases from



the eoiwl ":, . i~ i . 1' e'i..::,*:,: r'• C.I,,p,

-n the Ceucitiolv, V I. the rocl.:et velocity at eng.ne Fewer cutoff; C 13 the effec-

tive flow velocity of cra:-'ustic-n from the enrine; t is n1-,ss rttio, the O litio
of' rocket r::-.- i o rin0 at t,ý,eoff (including,* the masses of nose cone, rock.et I-;tructure

and prolx~ll.ant) to, i•,.:t ao:s rr at powexr cutoff. Uhamt is, •,m

Velocity V k c':..n tU also iaJtten as jk'91=g0 ,Inx. In the c-qufitlo?, 1-o Is the

gravItationr.l acceleration at the ground surface and I is the specific lqr.ulse.

The specific JvplUse I represents the thrust produced by a unit weijiht of

sp
propellant constUVmd per unit of time (equal to mass multiplied with I"

Commron propellants, the specific impulse in a ground situation, and the effec-

tive flow velocity C of combustion gases are listed in the followingr table.

*(a)5  PA 1~ ~~#~

. (f) X 220 2100

(d ~~ ~ 2 h________ 2400
(drx (h) $1 IM ,a(g) ,o

r f M/Ix it 240 2300
( k) / i (j) 240 2300

.i(k) i• 334 3270

I ,jQ/j(l 295 2890

(in) A#/pqa tz --a38 3750

(o) htit/tA 388 2800
I//Aka (p) 400 3900

Key: (a) Propellant; (b) Specific impulse I (soc);
(c) C (G/sec); (d) Solid; (e) Liquid; (f)
Double-radical powder; (g) Compound solid propellant;
(h) High,-enerfV solid propellant; (i) Wine/liquid
oxygen; (J) Gasoline/liquid oxygen; (k) Hydrv!.;ile/
liquid fluorine; (1) Metadimethyl hydrazine/lIquid
oxygen; (m) I Iydrazine/tetrahydro-dinitride; (n) Tetra-
hydixrdinitride/tetraoxydinitride; (o) LiquId hydroer/
liquid oxygen; (p) Liquid hydrogen/liquid fluorin,.

The flow velocity of engine combustion Saoes relies on thent"yllarmlc character-

istics (heat value) of propellan-it and desifrn quality of the enrine. Since the ener-

gY content in chTmLcal propellant is limited, the thei'mdyna•Ac ;\ fo:•uace is

limited. qrhrerfor-, the flow velocity of' combustioni gi.-es is A.Io limited.
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1iUnd(ePr ,: "Itu"itIon of uonstant moss of' the nose cone, one can iiProve the

structural dcsimD1, •'Q•ttCQ the strnlciural miass, ?,nd increase the propellant mass;

then the value will be increased and the velocity at the terminal point of the

powered phase is also increased because more propellant can be burned to accelerate

the rocket. Itowover, as limited by the str'uctural material of the rocket, its

shell cannot be nude too light. Therefore, it is limited to improving design,

reducing structural niss, aid packing more propellant for higher lik values and

higher velocity Vk at the terminal point of the powered phase. Since the mass

increment of the propellant storage tank (the main structural part of the rocket)

is slower than the increimnt of the propellant mass, the increase in the takeoff

mass can raise values of 1k and velocity Vk. However, an excessive increase in

takeoff mass is disadvantageous to practical applications of rockets. Because of

the larger takeoff' mass, the launch and surface facilities should be enlarged. In
addition, rocket mobility is lowered, causing inconveniences in transportation.

Therefore, it is not desirable to raise the takeoff mass in order to produce a

higher velocity. Nevertheless, it is limited to increasing the value of 4,,. As

a result, the increased velocity of a single-stage rocket is also limited. Gener-

ally, the velocity at the terminal point at the powered phase is about 5 km/sec.

So, a single-stage rocket cannot be used to launch an artificial earth satellite

with a required velocity of 7.9 1cVsec.

In the flight process of the entire powered phase for a single-stage rocket,

the structural weight (propellant storage tank, accessory equipment, etc.) becomes

excessive weight after consumption of the combustion agent and oxidizers; this is

dead weight, as comnonly termed. This type of rocket not only should allow the

effective payload attain the velocity at the terminal point of the powered phase,

but the entire rocket structure. should also attain the same velocity at the termi-

nal point of the powered phase. Large amounts of energy are consumed to accelerate

the useless weight (dead weight). Thus, the attainable velocity of the payload

will be considerably reduced at the terminal point of the powered phase. A method

of solving this prrblem is to continuously jettison the "dead weight". A multi-

stage rocket can meet these requirements.

Velocity aid Multistage Rocket

What is a multistaLT rocket?

3)4 I



A riltistarr• rock .t, joAihn t.o,,ether sc'vual roclkets. Like a pagoda, the hifgh-

level 'UCkk;et i0 03M.l whIl thu lower-levol rockct is large (or of the sairv size).

ilde ' owbcsi-steage (called the first stalre) rocket fires first. After exhaustion of

the proel2].]nt in the first stage, it is then separated from the upper stages.

Then, it is the turn of second stage (countinr upward from the lwest stago).

After exhaustion of prope]llanit in the second stage, it is again separated from

the uipper stages. 'hus, one stage at a tire is separated until the hiuthest stage

is reached. Like a relay race, the joining of a multistage rocket can be tandem
connected one by one for a tandem type rocket. a, else several lower-level rockets

can be clustered (fastened together) and several upper-level rockets tandem Joined

to become a hybrid type rocket. 4
Why can a multistage rocket attain a higher velocity at the terminal point of

the powered phase? Because each time a separation occurs in a multistage rocket,

the useless accessory weight (dead weight) is jettisoned after the discarded-stage

rocket has perforned its function. Each separation means some dead weight lost.

At the initial operation of a stage, the rocket attains the velocity of the jetti-

soned stage. The summation of several stages of' velocity gives the velocity of

the last stage at the power cutoff point. Of course, the velocity thus obtained is

much higher than that for a single stage. For clarification, we make a comparison
of a single-stage and a two-stage rocket with same takeoff mass m . 0!

Asstme the total mass of a two-stage rocket is mi0 , which includes both stages'
propellrit m~ass mrf (=mTl+mT2). The mass of propellant for a single-stage rocket is
equal to ii. Since some joining members have to be added to the two-stage rocket,

its structural mass is little heavier. With equal takeoff mass me, TTý, is a little

smaller than mn, but the difference is not too large. For a single-stage rocket,

the situation of the single-stage combustion of propellant m,•l to accelerate the

'1 rocket is similar to a single-stage rocket; i.e., all propellant n•f is used to

'1 accelerate the entire rocket. After the first-stage propulsion unit completes its

operation (propulsion), its engine, propellant storage taink, shell and accessory

equipment (the so-called "dead-weight") are jettisoned. The propellant n2 of the

second stage is only used to accelerate the much smaller residual mass; therefore,

a greater velocity can be obtvined. In other words, utilization of propellant is

more effective.

'More is the similar prccess (as mientioned above) for mliltistai-e rockets. When

the oee'r.tloli of one (or seoveral) staL';c of propulsion unit; , clotprl (propellant

................ !1___________



d,"plctod) 11, :--:., , j tt 'l. I led. '1lu:., the ,-c(.C1(et w" h ,,..d edead wem.. rpl ii , .'loys

other propul-; on u11 d.ts for continuous operat.ol on i;,I, ba:.sis of the existitg, velo-city. In the fltlvIit J.'cisu-s the cntivu rocket attal,.n, h0tijwer and hitJ'tor velocity

because of the -,radual jettisoning; of exce-sive struct.-ral iwiss (called "separation"

in this process). Only the last stage and its effect ie payload cr.n simultaneously

attain the voquirvod velocity at the texrnLna], point of' the powered phase.

If pi is used to indicate the mass ratio of the i4.h stage rocket; and C

represents the flow velocity of combustion g•,ass•,, of the l--th stage, when the propel-

lait of the first stage is depleted, the rocktt velocity J.S V,.Cl. l

When the propellant of the second stage is depleted, an additional velocity

is added to VI; V iC.Ilng,

Afterwards, the velocity of each stage is similarly increased. When the pro-

pellant of the last stag3e is depleted, the rocket velocity Vn is

V.,- C•. n10.1 + Ct .InN + --- +C,.- Inf,.

If flow velocities (assumed to be C) of each stage combustion gases are the

same, then C

Sone people may think that in a situation of constant takeoff mass, is it

poscible to use the method of increasing the nuiber of stages to increase without

limit the velocity at the terminal point of the powered phase? This is not so.

As the number of stages is increased, new contradictions appear. Too many stages

will bring new difficulties to the rocket structure for its greater complication

and lower reliability. In addition, the velocity does not increase considerably

in proportion; therefore, usually the n•roer of stages is three or fewer.

Each stage of a multistage rocket is composed of the following parts: engine,
propellant storage tank (for consumption by engine operation of this stage), con-

nectors, instrunents, shell sector ard load bearing structure. Based on Joining

methods between stages, rockets can be divided into tandem type multistage rocket

(as shown in Fig, 2-1) and tandem-cluster hybrid type multistage rocket (as shown

in Fig. 2-3).
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'I I he ( v re 1 % 'l Ia n .i I o. 1 ta I (],"Il tyj 1f flUI.,t1 o I I 'uj r I .- r.lct atn rd It i t• I :'I c .U•] :tucr-

tynx iu.ti-ti &' U.{Ut. Tl~e ioIC, tUll xlrm or taridcl:-cluiter h ybrid type rocet-s

are adopted.

Althoutlh the resistance of a tandem type rocket is smraill, yet the rocket is

slender, of low rigidity, with low resistance aja.nst the lateral-direction couple,

and easily broken. r•hlerefore, the structural strength of tandem type rockets should

be hid'. Tihe cluster type rocket is short and thick; it can withstand larger accel-

eration with compact structure.

The tandem rocket is long, so it is inconvenient in transportation and opera-
tion. Coobat readiness requires more time than other rockets.

During simultaneous operation of several engines of a cluster type rocket, the

thrust produced frequently has an eccentric phenomoenon; i.e., the resultant of

thrust of various engines does not act on the longitudinal axis of a rocket, but

deviates from the longitudinal axis to produce a couple turning the rocket from

its trajectory. In the case of a tandem type rocket, there is only one engi.ne

working. Therefore, only once the engine is properly installed, can the eccentric

phenomenon of thrust be avoided.

In the case of a cluster type rocket, the separation rechanisin is comparatively

complicated with the effect of separation interference. Only one rocket engine

has an inconsistent power cutoff time or separation time, a large trajectory error

will occur. A propulsion unit of cluster type rocket is jel nod to the upper stage

by apron segent. During separation, it is longitud.lnal-d I-ection separation with

the apron segment; therefore, the separation mechanism is comparatively simple.

The effect of separation int'rf'exence is significantly reduced.

Most multistage ballistic missiles are of the tandem type.

Separation of Multistage Rocket

A irultistage rocket can attain high velocities; it can launch an artificial

earth satellite or a spacecraft. How can the stages be separated? This is the

problem of so-called separation between stages.
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V'IL Can1 •3(3-.' 1,'1')l rocC'e, U dv.ulo ::uunt that the slu;le sta ,ic' r o v d fii ;t. Uri'
then the multivr,, rockotrA. Th.crefore, the joint and separationL technique

between stag-u:: ,, P•', dvL'oIed on the ,i•U~3 of joint and separalLtion techni;, ue of

wWrhload,3. Ini tho t2urly perlod, the joint aid separation of wvu'heads used explosive

bolts (with spi'A.m:,:) cr pnreu"-atic device joints and separation systeri. 'Ihe warhead

and missile body are Joinod with explosive bolts. On normal occasions, springs

aze in the ccxripre('s.ed state. During separation, the explosive bolts are ignited

anid exploded to destroy connectors. Springs are stretched to produce a separation

force to detach the warhead from the missile body. Later, small solid-fuel reverse-

thrust rockets replaced the springs. These reverse-thrust rockets are installed

alongside the missile body, which is acted on by the reverse-thrust of solid-fuel

rockets to reduce missile velocity. 'Th relative distance between the warhead

and missile body is continuously increased and separation occurs.

In principle, the connection or separation between the stares of a multistage

carrier rocket is basically the same as the connection and separation of the war-

head--application of a separating force to the body being separated. Technically,

connection and separation between stages are much more complicated. On one hand,

the masses of the two divisions to be separated are relatively large. The upper

stage (the effective payload and other stages except for the jettisoned stage)
weighs tens or hundreds of tons. On the other hand, during. separation between

stages not only should the empty lower stage be discarded, but we should also en-

sure engine ignition in the upper stage during the actual separation. Moreover,
problems of controlling carrier rocket and coordination among systems should be

solved. Nevertheless, through practice the objective rules of connection and sep-

aration between stages have been mastered; new connections and new separation
mechanism as well as connection and separation methods have been proposed.

- IConnection mechanism between stages At present, in multistage carrier

rockets explosive bolts are cormionly used to join various stages. The explosive

bolts are required to not only join firmly but also to explode quickly and reliably

to disconnect the two stages. Earlier, reliability of explosive bolts was low and

fraonents after the explosion damaged instruments and equipment. Later, redundant

elements and parallel circuits were used to augnent reliability; backing plates A

to shield against f'raments were installed. Next, developed were explosive

bolts, that were free of fraonents, and highly reliable ijgiter squibs (coiled I
and fixed at the interior surface of the interstage-sector covering). During
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F( .ar iat i(:)t, I n z .,p uI ul8t dctI: II At(:3 the idJiit •t.'l' . . 1b. .Ioh,2 exp)lairin,
-Isco o ,fly c ', tc.,".-1 thn Cover'inM, •.•ii.'h is cut at if V11th a nllifu (as

, :h n l;. If-l). ) ,x'ently, hw Kind of lfniter squ. Ib , developT.•d; the

polAder is packed within a thick plastic tube. Detonation of powder causes the

plastic tube to exp:mid wut rij.,turre the covering. The pla:;tic tube does not break;

therefore, no d isu,, i • caused to the instruments and equipment by fraCTnents.

Since the combustion r'rte of the squibs, is vwry rapid (about 7000 W:Vscc), synchro-

nization is better with explosive bolts. On development of ,pace technology,

the carrying capacity is increased because multistage rockets can carry a heavy

payload. Many large-dIiameter explosive bolts should be used; this raises new
problems in desit•i. At present, more and more igniiter sqib Ieue nmsie

and spacecraft since a trend is developing for these squibs to replace explosive

bolts.

(aj

4 (b) (c)

, i ' " • r'" (e)':'}J

•,l Fig. 4-1. Principle of cutting covering
with squibs
"Key: (a) Before separation; (b) Adapter
ring; (c) Shell; (d) Ring bearing; (e)
Squib.

Method of separating stages Generally, there are two methods of sepa-

rating stages of carrier rocket: hot separation and cold separation (force-addition

"separation). Hot separation relies on the upper stage's engine exhaust separating

two stages. Refer to Fig. 4-2. The upper-stage engine starts ignition when the

two stages are still Joined together. Usually, separation proceeds as follows:

when the lower stage receives an engine power cutoff cour~and, its thrust decreases.
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1'.ien the tli.tml. of the 2oe•wr level drops to a certain value, the up-er-stage engine
star~ts ij].[tip. At the sane time, an exhaust port of the interstage sector opens

to disch.rv;e a hot Jet stream (in sane cases, exhaust discharged from a truss type

interstage sector). Mien the force exerted by the jet stream from the upper-stage

engine (acting on the lower stage) attains a certain value, explosive bolts or

squibs start an explosion to release the latches and separate the two stages.

Then, according to a predetermined program, an attitude control system commences

control. Hot separation has the advantages of a large separation force, short
lost-control time, and high reliability; however, its interference is correspond-

ingly increased. In addition, many exhuast ports (or the truss type structure

employed) should be opened in the interstage sector, and the tank top of the lower
stage should have a tough insulation layer to protect against it being damaged by

excessively high pressure and heat flow caused by thee let exhaust from the upper

stage engine. A sufficient distance should be maintained between the nozzle
outlet of the upper-stage engine and the lower-stage tank top, so the positive

shock waves on the tank top of the lower stage (caused by the jet stream from the

upper-stage engine) must not enter the nozzle in order to avoid impeding normal

operation of the upper-stage engine. This will increase the length anid weight of

rocket structure.

SiI

~': I'

Fig. 4-2. Schematic dia'am '
of hot separation
Key: (*) Trust type inter-
stage sector.
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Th•e cold separation method differs from hot separation. •his method relics

on accc5:3ory force addition ai-d a ,olid-fuel reverse-thruiut rocket to effect sepa-

ration. After Leparation of the two stages, the upper-stage ergine starts Ignition.

So, this is called cold separation or forced separation (See Fig. 4-3). During

separation, the reverse-thrust rocket pushes off the lower stage; in the meantime,

the force-applIcation rocket accelerates the upper stage. After these two stages

have been separated for a certain distance, the upper-stage engine starts ignition.

Among the advantages of this kind of separation is the smrall acting force required

with a cowparatively steady operating process and small interference. In addition,

no exhaust port is required at the interstage sector and no heat insulation is

needed. Of course, cold separation requires very high reliability for the solid-

fuel rocket.

(a)

(b),

I.',I'

Fig. 4-3. Schematic diagram
of cold separation
Key: (a) Force-application
rocket; (b) Thrust-reverse
rocket.

Now we can see that during separation of stages, at the instant when one stage

stops operating and another stage starts operating, man=y interrelated factors and

contradictory requirements should be considered. The coordination problem among

systems "is conflictirngly complicated; otherwise, the flight will fail. Therefore,

the problem of reliability merits extraordinary attention.
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Interconti~nental auichxi r-ussiles

What is an intercontinental guided missile?

An iritercontinental guided missile is also called an intercontinental rocket.

Some modification is required for assembly into an intercontinental guided misLsile,

such as installing the corresponding flight control system and the payload in the

nose cone.

An intercontinental guided nmissile can fly over an ocean and seas, launched

from one continent and arriving at another to attack a strategic target in the

enemy's rear. This is the super long-range missile capable of covering more than

8000 kilometers and with a maximum flight velocity of 6.5-7.2 1~n/sec (23,400 to

25,900 k'/hr), corresponding to 20 times the velocity of sound. The peak altitude

of the trajectory of an intercontinental ballistic missile is approximately 1500 19.

During reentry, the warhead can have an acceleration as high as 50 g. In other

words, the force acting on the warhead can be 50 times its weight. Total flight

time of an intercontinental missile is about 30 minutes.

Generally, the control system of an intercontinental missile is of the active

type. Besides control in the powered phase of the trajectory, the inertia phase

of the trajectory is also under control. Usually, guidance during the powered

phase is intertia guidance, and the guidance of the last leg of the inertia phase

is usually automatic homing guidance. Since guidance during the inertia phase is

added, the accuracy of an intercontinental missile is much improved. In addition,

adoption of an advanced guidance method like stellar-inertia guidance, and laser

or radar homing guidance can further improve the accuracy of intercontinental

missiles. Control of intercontinental missile is effected with gimbaled nozzles.

Usually, solid-fuel engines are used in intercontlnental missiles, like the

Minuteman missile of the United States. However, there are missiles where liquid-

fuel rocket engines are employed.

An intercontinental missile uses a silo launch, mobile launch, or underwater

submarine launch. The intercontinental missile is girnatic, since' tens to one
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K Fig. 4--. Minuteman intercontinental ballisticmissiles: a - Minutema IA; b -Minuteman 113;

c - Minuteman 2; d - Minuteman 3.
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CHAPTIER V

FLIGHT CONTROL SYSTDN OF GUIDED SSxSIuES

What are the diff'erences between guided missiles on the one hand, and conven-

tional cannon rounds and bombs, on the other.

A guided missile is a weapon that can be controlled. After launch, a guided

missile can change its flight direction following signals sent from the ground or

by the target (or the missile itself). In addition, errors can be eliminated in

order to hit the target accurately. This is the main distinction between a mis-

" sile and a conventional weapon, like the bomb.

How can a missile fly if it has no controls?

For an intercontinental guided missile, its range is more thai 10,000 kilo-
meters and its velocity as high as 6000-7000 mn/sec. "A minuscule error could result

* in a miss of 1000 .1i [1 li is about 1/3 mile]," says a Chinese proverb. Without

missile controls to continuously eliminate interference factors (such as wind and

manufacture error), the result can be disastrous. For an intercontinental missile

with a range of about 10,000 lIn, a velocity error of 1 m/sec due to interference

(about 1/1.0,000 of missile velocity) means that the deviation of its impact point

can be 80 to 90 Icm off the target. Then we can see that controls xre necessary if

a missile is to hit a target accurately.
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El How can we contro.l a nissile? Ve will talk about this prnbleir belew.

Functions of Plight Control System

The flight controe., systerr. (briefly, the control system) includes two parts:
one part is trajectory control; i.e., motion control of the missile's center of

gravity. The other part is flight attitude control while moving along the trajec-

tory. in other woris, this is control of missile motion around its center of

gravity.

Trajectory control involves maneuvering a missile with allowance for its or
the target's motion characteristics when determininJ a target-attack trajectory.

In other words, when a missile deviates from the predeterm.nied trajectory, in
order to attacic the target, corrections are made while maneuvering the missile. The

system for executing this control is called a guidance system.

The three-dimensional motion of a missile includes curvilinearity of missile's
center of gravity with the missile considered as a particle, and rotational motion

(about the center of gravity), such as roll, pitch or yaw motion; motion stabiliza-

tion about a missile's center of gravity is the premise of controlling the motion

of' the center of gravity. If the missile cannot maintain its predetermined orien-

tation in space, it is impossible to either control the missile or maintain its

flight. The missile will fall to the ground in pancaking motion or break into

pieces in space. Therefore, the missile's flight-attitude stabilization should becontrolled. The system executing such control is called the attitude stabilization

system (or the attitude control system).

So the function of the control system of a missile in flii)ht includes missile

guidance and attitude stabilization.

What are the main elements of a missile's flight control system? The main

elements of a flight control system are:

Comiuad mechanism It is a unit for control commands. This unit can be

placed inside or outside the missile (for example, a ground command station). In
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addition, sowe radiation characterlost Acs of a target can be utilized to send a
conurnd (ins;truction) to control the missile.

Sensor It is also called a sounding unit; this is the missile's "serisi-

tive organ." Te sensor accepts comkirand cr senses deviations caused by interfer-

ence, thereby for!ing sipmals. In other words, when interference f'rom exterior

factors (such as wind, missile body, and engine nanufacture errors) leads to

certain deviations from the missile's predetermined position, a sensor can sense

this deviation in order to form signals. Of course, when a command station sends

an instruction to the missile, the sensor can also accept this instruction to send
signals.

A gyroscope is a sensor we comnonly employ; it accepts commands, senses alnu-

lar deviation, and registers missile velocity and acceleration.

Converter-amplifieri Signals scanned by a sensor cannot be directly sent

to an actuator (for explanations of comamnd actuators, see the following text) be-
cause, (1) the signal strength is too weak to drive the actuator, and (2) the sig-

nals have to be processed. So a converter-amplifier is needed to convert and

amplify the signals received in order to provide signals capable of driving the
actuator.

Actuator Its function is converting a control signal into a force

or couple to maneuver the missile while in motion. The actuator includes a maneu-

ver mechm-aism and a driving device.

The maneuver mechanism includes a control-surface vane, a (ccmbustion) gas

vane, and a girbaled engine.

The gas vane is installed in the exhaust gcs stream at the nozzle inlet of

the engine (as shown in Fig. 5-1). When a missile needs E: control force, accord-

ing to instruction (conmnand) from the control system, the gas vane deflects by a

certain angle and the gas strear,. ejected is effected by the inclination of the

vane surface. So formulas can be used to express the resistance Yd' lift Yd and

a couple (acting on the gas vane):
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-In the Co 11d Cd are coefficients (related to the deflection angle 8

of the vanI in tl,,' , 8treamn); P is the density of ccrlustiorn [a.s stream; and

Sd is the ma cur r'oos-soctional are~a of the vane.

SIX

The resistance Xd acting on theGs vane is actually the loss of thrust on the

gas vane. However, the lift Yd of the gas vane can produce a control force to

control missile rotation.

By means of a gin'haled engine, a control force is produced. The control force

Yk Can be expressed as: Y= Psin 0 OWPO
In the equation, P is engine thrust and ( is the angle of rotation of the combustion

chamber (as shoan in Fig. 5-2).

Fig. 5-2. Rotation o1 engine
combustion ch-murer

Quite a few arranrcinents can be adopted to take advantage of the rotation of

the caombustion chvixncr to control a missl~e. One arrargement involves the mounting
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1i .. ,-1-,,: • '.•' C(•,Wuat.o r ct~mber oln a universal tla',e tU (can2 be rotated

S,..,: .... d,:,t.cns. Figine deflection can c,_anige thu-u.t direction in

........ i. , .*...' pltch or roll motion of the missile (see "ig. 5-3). Based

on ', :. -' , f •,•Ine thrust, an adequate control force can be provided by

,r c..'....:, c'.¶....... ! the g.inbaling angle.

Fig. 5-3. Qhnbaling nozzles
Key: (1) Pitch control; (2)
Yaw control; (3) Roll control.

For a solid-fuel rocket engine, the propellant is directly charged in the

combustion chaber. So the gimbaled nozzles can be utilized to generate the

required control force. Or, the technique of double injection can be used to

produce the control force. The principle of producing a control force by gimbaling I
S~nozzles is similar" to a use of bhydraulic gin-baling rocket engine. The fundamental

principle of the double injection is to inject gas or liquid into the nozzles to

deflect the combustion gas stream in order to produce a control force (see Fig. 5-

14).

S(3) Mil

Fig. 5-4. Double injection
Key: (1) Gas stream; (2)
Thrust direction; (3) Shock
wave.
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n', ict ion of the driving unit is to drive the nrnmeuVer mechanism (according

, ..... • ,a1) and to produ,-e a deflection with the appropriate rnagmiitude and

,VN c;,io•. 'I\-io exni:ples of driving units are the electro-hydraulic motor and the

,.1,. ..... ,,,.U�liC rmrotion unit used at present.

':r imtiril relationship of the elements of a missile flight control system

is s lc'v,•in Fig. 5-5.

T ftt kk s R71. aA i M

I
Fig. 5-5. Block diagram of control system
Key: (1) Interference; (2) Sensor; (3)
Converter-amplifier; (4) Actuator; (5) tis-
sile body; (6) Conriand mechanism.

Interference or coninands convey different signals to sensors. By means of

the converter-amplifier and the actuator, these signals are converted into force

or a couple to control missile motion. Thus, the missile is adequately controlled

to eliminate deviation caused by interference; or else the missile is maneuvered

to be deflected into the required direction.

If part of the actuator (shown in Fig. 5-5) is excluded, the rest is called
an attitude stabilization system, which begins sensing interference and maneuvers

the missile to eliminate the deviation caused by interference.

Figure 5-6 is a diagram showing the principle of the pitch control circuit of

a ballistic missile.

Categories of Control Systems

Generally, a missile control system can be divided into four categories: an

independent control system (also called predetermiined-guidance system), a homing
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system (also called as automatic ainuiri systun), a remote control syteIi (also

called a comwiix.11d fuid:.uice syatem), nd a multiplexed system. Each category can

be divided into sevoral pror awis according to operational principles, as shown

in fol].owir, table:

Progrwn control

Independent control systems Inertia navigation
Astronautical navigation

Doppler navigation

Active type homing guidance
Homing systems Semiactive type horning guidance

Passive type homing guidance

Television navigation
Command navigation

Remote control systems
Radio navigation

Beam-riding navigation

Independent + homing

Multiplexed systems Independent + remote control

Remote control + homing

Independent + remote control + homing

(2 S-5 r Jrtt LUi

(a (a) 0!

1 .. (5 ) t"'410.b. LA, 6

Fig. 5-6. Pitch control circuit
Key: (1) Program mechanism; (2) Sensor;
(3) Converter-amplifier; (41) Actuator;
(5) Attitude angle and angular velocity;
(6) Motion about the center of gravity.
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Vi 111uI.x z dcvt Control:~tc Ito operzational Iriiiciple ap~pl.ies to the
stationa~ry rovercnce yau (.1tiside oil outs! c1 the mis,;i I as a brICtadid

to Control the mil ssU 0' a flf,1i4 tcf1-ani.ý the t~irfret. All control syot~ri -L,,tUc placed

inside the. missile. Once launichcd, t~he miissile's trajectory caninot be changedl.

So this Is ncui~cd as iiidep;endont control system.

Usually, anI 11ciepolident colIitz'ol system. Is used in missiles (such as ballistic

missilcs) that can attack fixed targets.

11ooying system Its operational pr'inciple is as follows: the automratic

fer'ent physical char-acteristics (such as radio-frequency waves, heat radiation,

and photo-radiation), which forlm control signals for, the missile. Thus, the auto-

matic homing device sends control coinmands to guide the mi~ssile heading toward the

target, as shoi%' in Fig. 5-7.

Fig. 5-7. Hominig systemI
Key: (1) Autorratic ailidng head;
(2) Converter-amplifier; (3) Steer.-
ing ma~chine; (4I) Missile body.

Remote control system Its operational principle relies en a command

station (outside the nissile) to scan the relative positions of tar-get and missile

in order to surnJ a cor,.iix1n. After the missile accepts the ccmariad, which is
processed b~y the intornnil equip-ment in the missile body, the missile can be maneu.-

vered to fly toward the target. Or else, after the internal equipment of the mis-

sile body senses the rdsasile 's deviation, signials are automatically formed inside

thle missile bccy to ccrrect the deviation. Then the missile is maneuvered to fly

'To herd th aro dTitar and dimsadvantajges in the above-mientioned coatrol systems.

A multip1oxcd cot Ulsstem combines move than two control systems. Thus,
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adwStagls of vgmiousb systames cEa be adeqtak tely uxplowted. ay takiaro aircraft-
type I'iss•ile'l- as an ex~mpl]e, at the beginnirv, th(ý Ilideperdent control systeir is

used. Upon npplrorichlrng thec tar~get, th~e hor l!iVg system• can be used. AIppFu-ontly,

ing fast-moving targets, such as artificial satellites and guided missiles will be

described in a book, titled FANDAOTAN WUQI (AP'flI-MISSILE WEAPONS).

The control system of a missile, which can attack slow-moving mobile targets

(briefly, mobile targets), may employ different guidance methods, such as tracking

method.

Generally, control systems in missiles attacking mobile targets include homing

systems, remote control systems, beam-riding navigation systems, and multiplexed

systems.

Classified by the different kinds of radiation energy from a target that a

missile intercepts, homing systems include active type, semi-active type, and

passive type.

The passive type homing system senses radiation (emitted) energy from the

target to determine target position. Then the target is tracked and attacked (see

Fig. 5-8).

Fig. 5-8. Passive type Fig. 5-9. Active type
automatic guidance homing guidance
Key: (*) Idiation Key: (1) Direct waves;
waves from taget. (2) Reference waves.
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Whilh adopt.li'; t.111' :.active tl-.e lioriLi? ý system, a radar ui.it in the missile

emits elect:,'ic d:',v (c1lhc h,,oct wa.:v.es) towzuard the tartet. After inmpingjin. on
the target, tile off'cticn (•cf!cct.c! W'IvLS) of electric waves is intercepted by

the nisi:?,le. Guidfe by the reflected electromanetic waves, the missile locates
the position of tary,,,t, hi.rch s then tracked and attacked (see Fig. 5-9).

When the serwL-acctive-type homing system electromignetic waves are emitted from

the ground surface (or aircraft) toward the target, the reflected electric waves
are intercepted Ly the missile after impinging. on the target. Guided by the
reflected waves, the rissile locates the position of target, which is then tracked.

Refer to Fig. 5-10.

Fig. 5-10. Semi-active-type
homing guidance
Key: (1) Direct waves; (2)
Reflected waves.

Generally, remote control systems include television remote control systems
and radio cormiand remote control systems.

In the television remote control system, it is required to install in the

missile nose cone compartment a television transmitter and a pickup tube with an

objective lens. A television receiver is installed at the comniand station. At
the station, a missile operator can see everything as scanned by the piclkp tube

(within the line of sight) of the missile. Based on these pictures, the operator

can send appropriate control coninands by radio to control the missile heading

toward the target.
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Tlhe op','lxtt ..... pziu:ciple of the radio cofD-TaKI control r.yte...i is as follows:

the motA,: wi de'::::,Ici under direct control of the comniuId ,3tat4,)n by instx1uc-

tions (cr-n ,uK:). :"...(, instructiorns fraom the coninard zLt ,,on szyDuld be

deteiminj,:.i Iy ý, ,.-Lcaj-.d position of targets; the missile is only controllod by
the cor.iind -tat!.cn. Coiatiunication between the missile and targ-ets is provided

solely by the crr:r'•,nd st~ation (on ground or in an aircraft). Figure 5-11 is a

block din4;'am: of' lead point cormand type remote control system.

' ) (10) .

V Cr7

LIE I

Fig. 5-11. Lead point comnmand remote
control system
Key: (1) Maneuver platform; (2) Trans-
mission platform;- (3) Missile traclking
radar; (4) Tracking radar; (5) Search
radar; (6) Computer; (7) Comnand station;
(8) Autopilot; (9) Missile; (10) Targets.

Beamirg-ridine navigation is a special example of radio navigation. In this

case, what is transmitted to the missile are not conmands but radar wave beams.

In three-dimensional space, the radar set forms a narrow, conical wave beam; the

missile automatically flies along the radar wave beam, which guides the missile

traveling toward the target (see Fig. 5-12). In the figure, a wide wave beam is

used to locate the target. The radar scans with wide wave beams to locate the

target.

For improved hit accuracy, two or more guidance systems can be employed. This

is a multiplexed guidance system.

Control System of Ballistic Missile

Targets of missile attack can be placed in two prime categories: nobile targets

and stationary targets.
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(2)

Fig. 5-12. Radar wave beam for
Smissile guidance
Key: (1) Point of inpact; (2)
Narrow ,ave beam tracking the
target; (3) Wide wave beam locat-
ing the target.

What are stationary targets? They are buildings, plants, power stations,

cities, bridges, ports, military facilities, airfields, railway centers, missile

bases, nuclear power stations, and other buildings and bases of strategic impor-

tance.

The trajectory of a missile attacking stationary targets can be predetermined.

The control system of the missile is considered as up to standard only by strict

maintenance of steady flight along the missile's predetermined trajectory. The

independent type control system is widely employed in this missile category.

The control system is described in detail with an example of a ballistic mis-

sile.

We know from knowledge of ballistic missile trajectory that the purpose of

the prog'mn control system of a ballistic missile is to ensure that missile (at

the tenrinal point of the powered phase) accurately attains the required flight

velocity Vk and missile pitch angle ak. Then the missile can accurately hit the

target.
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There are two main -,ubassemblies in this system: the first is the flight

prxogr'nm mehIu'l.I sm zuid the second is the attitude stabilizing device.

The flight pro•tain mecha-ism Is a mechanism with a missile's motion program

(motion law); briefly, it is called the progran mechanism.

The flight protram presents the variation law (with time) of the apparent

pitch angle (also called the program angle) € as shown in Fig. 5-13.

In Fig. 5-14, angle XlOx is the pitch angle; its relation to the trajectory

pitch angle - is q'6O +a

In the equation, a is the angle of attack.

The variation law of the missile's pitch angle is predetermined. Thus, the

missile can be directed to fly along a predetermined trajectory.

/X1

Fig. 5-13. Flight progrcan Fig. 5-14. Pitch angle
Key: (*) Engine-power Key: (1) Launch point;
cutoff. (2) Target.

Operationally, the program control system functions usually as follows: after

a missile is launched, at every instant the program mechanism sends a pitch angle 4

signal. A sensor (a gyroscope, for instance) senses the angle € siuial. After

conversion and wnplification, an actuator is maneuvered so that the position, velo-

city magnitude and direction (of missile flight) satisfy the predetermined cutoff

conditions. Then the control system sends a conmand for ei-gine-power cutoff (see
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Fig. 5-6); the function of the control system is completed at this point. later,

the inlssile war'hoad coasts,.
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CHAPITER VI

CONFIGURATION AND STRUCTURE OF MISSILE

Kinds of Configurations

Some missiles travel within the atmosphere and some penetrate through the
atmosphere and travel in outer space. Once launched from the earth, all missiles

have a relative airspeed and are acted on by the air. Thus, aerodynaic heat will

be converted to heat and damage the missile traveling in the atmosphere. Of

course, a missile traveling in the air also produces aerodynamic forces: lift and

drag. Aerodynamic heating and drag are related to the missile configuration.

For lower aerodynamic heating and drag, the missile should have a good aerodynamic

configuration.

There are different kinds of missile configurations: some have a pair of mis-

sile wings like an aircraft; some have two pairs of missile wings; some have no

wing, or no tail; some have double fins; and some have two sets of canard wings.

Therefore are configurations with different characteristics as well as advantages

and disadvantares. Study of missile aerodynamic arrangement has the purpose of

adequately selectin6 configurations of different missile sections and appropriate

installation of interrelated positions of missile wings, fins, control surfaces,

missile body, and engine in order to achieve the required aerodynamic character-

istics, as well as the necessary mobility and stability for flight.
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Layout of Missile Sections

The missile body in tot~o is composed of missle body proper, missile wincs,

fins, control surfaces (rudder surfaces) and others. In addition to the connection
S~of missile wing[s, finis, and control surfaces, the missile body proper should have

installed in it the engine, propellant storage tark, control instruments, warhead

sand o~ther auxiliary equipment. These subassemb lies, component parts, instruments,
and equipment units should be rationally snstalled so that the missile is light-

weight and simple in design. Thus, an aerodynamic configuration is desirable;

construction and utilization are convenient; and various performance indicators

can be attained. This is missile layout. With respect to the relative positions

amilong missile body, missile wires, fins, and control surfaces, generally missile

layout can be divided into the following types:

I. Convenient type

In this layo', compaatively large main missile wings (installed near the

missile center of gravity) ar.d fins (also called stabilizers, installed at the tail

end) are shown in Fig. 6-1. In this conventional layout, some missiles use main

missile wings as control surfaces in maneuvering and flight control; and some use

fins as control surfaces for this purpose. The former ca-e is frequently seen in

air-to-air missiles; the latter case is frequently seen in missiles with compara-

tively low mobility.

S~(2)

Fig. 6-1. Conventional type missile
"controlled by main wings
Key: (1) Main wings; (2) Control
surfaces.

2. Cornrd configuration

In this layout, a group of small control surfaces (called canard wings) is

installed nerm the front end of the missile body, und larfc Wing surfaces (main
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wing surfaces, or. fin surrac,Žn) are instailckd in t•he mid- or tail-szctiozl of the
.... lo b, ... oLcwi n c.-jr 6-2. Since cxanard W are W mall, tlhe weight of
and drag on the rJnsilc can be reduced. In a car d-crnfA.u'at-icn layout, canard

wings are used in :i 2sile nmimeuveriing and control. Since canard wings are small,
* roll stabilkiation is difficult to be maintained.

(69)

Fig. 6-2. Canard-configuration air-to-air
missile

Key: (1) Control surfaces; (2) Front sliding
block; (3) Middle sliding block; ( 4 ) Rear
sliding block; (5) Missile wings; (6) Guidancesection; (7) Warhead; (8) Fuse; (9) Solid-fuel
rocket engine.

3. Finless type

This type of missiles has no fins, as shown in Fig. 6-3. The control surfaces
of the missile are elevator ailerons installed at trailing edges of missile wings. A
The main advantage of this layout is a smaller nurnber of wing surfaces so that

weight, drag, and cost are reduced.

Fig. 6-3. Finless type missileKey: (1) Main wings; (2) Ailerons.

4. Type of missiles without main wings

In this layout, it is composed of a group of fins, or fins with control aie-

rons, as shown in Fig. 6-4. Missiles of this layout use a conplete fin or aileron

for maneuver and control. Although this further reduces the missile weight and

drag during its flight, yet the control force is small. Therefore, this type can

be used in missiles of low maneuverability requirements.
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Fig. 6-4. Missile with no main
wirw,.s

5. Type of missiles without any wings

In the layout of this type, no control surfaces are requi•ed for anweuver and

control because missiles of this type have only a missile body (shown Ji Pig. 6-5).
Generally, missile nmaneuver and control (of this type) use a gin'baled combustion

chaImber and a Ginbaled spray nozzle (to eject gas or liquid into the nozzle) to
change thrust direction. Usually, this layout is used in large ballistic missiles

of low ma~neuverability and long range.

By the layout of missile wings, the missile layout can be generally divided

ýW, into three following types:

1. Straight-line wingsI! In the straight-line wing layout there is only one pair of missile wings,
,*1i generallý instatalled horizontally along both sides of the missile, as shown in

Fig. 6-6. This arrangement is generally used for aircraft-type missiles, of which

4 the missile wings serve mainly to produce lift and to balance the gravitational
force so that these missiles can continue cruising to attain a greater rane.

2. V-shaped wings

There are three V-shaped wings in this case, 1200 apart. Since this arrange-
ment does not have outstanding advantages, it is seldom used.

3. Cross-shaped wings
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This Lnyout has four missile wirivs. If viewed from the ]i,.,udhal axis of
the m:l•sile, this ari'i'oiig.trnct kis a "+" slipe as shown in Fig. 6-7, or "x" shanpe
as shown n I'.,g. 6-8.

(2)
: II

Fig. 6-5. Wingless Fig. 6-6. Straight-line-wing missile
Missile
Key: (1) First stage;
(2) Second stage.

Fig. 6-7. Cross-shaped-wing missile Fig. 6-8. Missile with x-
shaped wing surfaces and
vane surfaces

For ground-to-air, air-to-air, and air-to-ground missiles, the missile wings

are better installed in the "x" shape because of problems in suspension and instal-

lation at launching framne.

The missile body can be divided into three main parts: front missile body (or

nose), midsection, wad rear nissile body (or tail section). The layout of the

missile body is usually as follows: the warhead is usually placed in the nose sec-

tion; however, in few cases the warhead is placed in the midsection as shown in

Fig. 6-2. The solid-fuel propulsion system occupies almost the entire midsection

and tail section. For liquid-propulsion rockets, the combustion c nm ber (of the

engine) is placed in the tail section and the liquid-propellant storage tank is
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located in the Tind, ection. 'Die layout of the liquid-propellant tu-i: in a nftssile

can be one of tlh'ae typ~es:

"1. The carbustlon agent and the oxidizer storage tank can be placed in an

individual comprartment, as shown in Fig. 6-9. Then the agent and tank can have

[ an industrial butt joint surface (Fig. 6-9a); this is one type. Another type is

for an individual compartment section but without an industrial butt-joint surface

(Fig. 6-9b). In the former type of propellant tank, this is adaptable to an oxi-

dizer, combustion agent or other low-boiling-temperature propellant. It is easy
to apply insulation at the tank bottcan; it can also better ensure safe operation

of hypergolic propellants. Fabrication techniques and industrial testing are rela-

tively simple. Moreover, it is convenient in maintenance and safekeeping. Al-

though the propellant tanks in the latter case do not have the advantages of the

former case, yet the length and weight are less than that in the former case.

Therefore, structures in the latter case are still utilized in some missiles.

!iI

S(a) (b)

jFig. 6-9. Two types of propellant tanks

2. Combustion agent and oxidizer tank are separated by the instrument compart-

ment, as shown in Fig. 6-10. This layout has the advantage of the propellant tank

as shown in Fig. 7-9 (a) [translator's note: "Fig. 7-9 (a)" may be a misprint; it

should be "Fig. 6-9 (a)."]. However, because the instruments of the control system

are placed between two tanks, the tubular conveyer between the upper tank and the

combustion chamber of engine becomes longer so as to add to the structural weight.

"Fig. 6-10. Another type of
propellant storare tank
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Those propellant tankOs introduccd in previous pa_"i,aph,;3 c.y] ix'ical.

In order to meet the requirements of the aerodynimic con•ij'pn.atlon, r.tiW&s the

upP tan: body of the last stae is Iriado conical in s-hape or cc.bir.c. conical-

cyindrical in shape. Th-us, the length and weight of the tank body are j•,ater

than that of the cylindrIcal tark of the same volume. Also, sphere-shared tanks

are adopted, as shown in Fig. 6-11. The tank body is advantareous for low-boiling-

point propellant; since the surface area of a spherical tank is maller thian that

of a cylinder-shaped tank, the weight of the insulation material cui be reduced.
In addition,when the same amount of pressure is increased, the weight of spherical.

tank is less than that of the cylindrical tank.

Fig. 6-11. Spherical Fig. 6-12, Ring-
propellant tar•c shaped propellanttank

Sometime, to shorten missile length and to arrange component sections more

compactly, a ring-shaped propellant tank is adopted in the last stage as shown in

Fig. 6-12.

Flight control instruments can be installed at scattered locations or at a

concentrated location. The dispersed installation serves to adequately utilize

space in the missile body. For concentrated Installation, the flight control
instruments are placed in the instrument compartment, whi ch can be placed in the

nose section, between the oxidizer tank< and combustion tank in the midsection, or
between the nose and the miidsection. However, whatever the scattered or concen-

trated installation, instruments should be ensured a good operational environment

for noimal operation. Therefore, instruments should be placed near the missile's

center of gravity, or as far away from sources of heat and oscillation as possible.

An explanation should be made here: whatever the layout of the missile, its

center of gravity should be consistently placed in front of the aerodynamic center

(focus) during-, the misslle flight. In other words, the missile should be in static
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stability. Phrased differently, when the exterrnal interfcrence is elim.rnatcd, the

missile should havw.e the capabi.11ty of restoration to the predeterin.Ied dynamc

state. Also, the niotion rane of the center of 07avity and the aerodynamic center

should be as small, as possible. Only in this way, can the missile be conveniently

Scontrolld� and travel smoothly along the predetermined trajectory. However, it is

difficult to control and maneuver this typ-.e of missile (of static nonstability)

with its center of P.'avity located behind the aerodynamic center.

Configuuration of Missile

The configuration of a missile is composed of the configurations of the mis-

sile body and missile wings (main wings and fins). Below we make introductions one
by one:

Generally, the missile body is a body of revolution, which is generated by

rotati.ig a plane curve (or straight line) around a straight line (called the axis

line) for 3600 within the same plane. The enclosed body thus generated is a body

of revolution.

The above-mentioned missile body can be divided into three sections: front

-J missile body (or warhead), midsection, and rear missile body (or tail section).

The front missile body can be in many shapes; most frequently seen are conical,

arched, or semi-spherical shapes, as shown in Fig. 6-13.

17I

Fig. 6-13. Frequently-seen
shapes of warhead cross section
Key: (1) Arched shape; (2) Conical
shape; (3) Semi-spherical shape.

In order to ensure good characteristics of the entire missile system, the

warhead confi.-u'ations should be carefully selected. Generally, warhead configura-

tlons are selected by considering, from an overall vekwpoint, the requirements of
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aerodyzmic fot-ce, control., arnd structure. For exan1)lej("ý from (- an -~~i-~ iw
•i•. i point the s••. .. •,.••n, ~~edis irndv'antat-"eou6 1'(ca-uz; it',,.1.'r(.'o"U~ter

•,;...•,! ,greater resist,.uie., Htowever, fr~om, ve.le,,-polnts of struetunreý an.;.it d V'ine

guida-nce motho (sluch as infr'ared gincethe s:mi-s~herical %warhad is excel-
lent. As another example, with the stne base area and length, the volume of an

arched nose is lrLCer than that for a conical nose. 'e- oa-chx i warhead is rela-

tively b.uxit; considering structure and aerodynamic heating, the arched wurhead
is better than conical warhead, which is, however, easier to be made.

For ballistic missiles, gencrally the warhead shapes are combinations of

surfaces of conical, cylindrical and/or semi-spherical shapes, as shown in Fig. 6-

14.

()(bi) (0 (d

Fig. 6-1~4. Warhead shape of ballistic
"missile: a - Cone; b - Combined semi-
spherical and conical shape (blunt nose);
Sc - Combined semi-spherical and truncated

conical shape; d - Combined semi-spherical
and cylindrical shape.

Actually, the combined semi-spherical and cylindrical (or conic) war'heads are

"often used in long-range missiles. The conical warheads are often used in medium-

range missiles.

In the layout of many missile confiLgrations, usually the midsection of the

body is cylindrical in shape. In addition to adopt the cylin(hical shape, the

transitional sector for joining various stages or the warhead may use a conical

shape, which can reduce drag and increase the bearing capacity, and which is conve-

nient to manufacture.

The frequently-used tail-sector exteriors (of a missile) are cylindrical,

contractel, and truncated corie (incre:m:¶ng diameter toward the rear) shapes.
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'Because of the !large• base area of the cylindrical tal1 sector, the dratg of the base
.1 is higjh. Due to the 1Qduc(od base area of the contraction.-.hnp.l tail sector, drag

at base is reduced.

The configuration of a nmissile wing is deteimined by its pfane and cross-

sectional shapes.

Plane outlines of a missile wing Usually, three fundamiental outlines are
used �in missile: the prism-shaped wing, triangular wing, and swept-back wing, which

has its leading and trailing edges not perpendicular to the longitudinal axis of

the missile body, but extending toward the rear of the body. There are many modi-

fied versions (as showm in Fig. 6-15) of these three basic plane outlines of missile

wings. There are advantages and disadvantages for each type of plane outline.

Only under certain situations can the most suitable outline be determined. There-

fore, before selection an overall analysis and study should be mrade (as to a mis-

sile' wing) of aerodynamnic efficiency, structural weight, and manufacturing costs

for the most suitable outline.

2 3

Fig. 6-15. Plane outlines of typical
missile wingsKey: (1) Triangular outline; (2) Swept-
back outline; (3) Prismatic outline.

Cross-sectional outlines of missile wings The frequently-used wing cross

sections of missiles are double-wedge outline, its modified version, and double-

convex outline, as shown in Fig. 6-16. When selecting cross-sectional outlines,

an overall consideration (such as selecting the plcne outlines of the missile wing)

should be made in selecting proper cross-sectional outline. From the viewpoint

of aerodynamic efficiency requirements, there is relatively low drag for the

double-wedge-form cross section with a certain thickness ratio. From the view-

point of flabricability, the modified version of double-wedge form (including solid-
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core wiNg type) is easily miachined. For o:*iatcr structur.W .-,tiz-ta- a3 ]ocal p, tts

and ]oweer'ed effect of' aurodynairdic heating-, the :haip lcýadhI5i:': (and trailing

kedge) can be !ixad, into routded corners. Usually, the doub'10-c0n"Mx fe:n is used

L for large, non-solid missile wirgs; the modified version or the double-wedgce form

is used in snrll missile wings with a solid core.

• l

(2)

Fig. 6-16. Typical cross-sectional forls of
wIngs
Key: (1) Prismatic form; (2) Symmetrical
double--arc form; (3) Improved prismatic form.

Missile Structures

Structures of liquid-propellant missiles are more complicated than structures

of solid-propellant missiles. This section mainly introduces structures of liquid-

propellant missiles.

The missile body and missile wings are acteld on by aerodynamic loading; there-

fore, a good aerodynamic configuration is required. A good operation environment

should be provided for instruments and equipment installed in the missile body.

The missiles should be maintained and serviced, and props and suspensions are

required during launch; so the missile body should be made sturdy enough. However,

to redude weight (Lower structural weight is important for flight vehicles.) the

missile body should be made sufficiently light and convenient. These two require-

-/.I ments are contradictory. How can the problem be solved? From practice, solutions

can be derived fron two aspects: one is the adoption of light but tough structural

materials, and tb• other is the use of optimal structural types.

In considering structural types, a simple rationale is that those parts should

be strengthened if acted on by large forces, while the other parts niy be struc-

turally weakened if acted on by small forces (usually, it is sufficient to consider

just maintaining the structural shapes). The structure thus obtained is generally
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some type of hollow Irame or hollow rltiuctuuc,. 1oerufort, the mlsý-,ilc =i be

stu•dy, but ii{J1 t and convenient. Thim'e are t'wdinly the four followincg types of

structiure ut;ed in missiles.

Structural Skins

The earlifest adoptions (in large nuiber's) of structural skins in low-speed

aircraft were based on the above-mentioned approaches. Naturally. these stvuctures

were used in early missiles. The missile wings of these structures are made by

first Joining, into latticework using some form materials, and then a layer of thin

metal plate is used as the skin. Connections between latticework and between

latticework and skin are by rivets, welded joints, or cemented joints.

The longitudinal latticework of this type of missile wings includes beams and

purlins. The lateral latticework includes the ordinary wing ribs and reinforced

wing ribs. Wing be.ms are the main structural members (acted on by longitudinally

directed forces) of missile wings; the wing beams nainly receive aerodynmgic load-

ing withstanding the bending of missile wings. Purlins serve mrainly to support

the skin, to increase its rigidity, and to help wing beams to withstand bending.

The cross-sectional outlines of purlins vary, as shown in Fig. 6-17. Which form

should be adopted depends on the actual situation and loading conditions.

Fig. 6-17. Cross-sectional forms ,of
purlins

The functions of wing ribs serve to maintain the cross-sectional forms of the

missile wings, to transmit local aerodynamic loading, and to support the skin and

purlins. Except for accomplishin- the above-mentioned tas1-s, the reinforced wing
ribs serve ,rriinly to withst,a.nd relatively larppe concentrated loading.
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Th1e skin eric].osca the latticework o gitve the mjsqile w:nros a :-mooth aerodynanu-

Ic confi{� nation. Rle skin Call ah'o ith':tard tuvsion and trLaxli;mIt the aer(dynamdc

forces to the w ig ribs, purlins, and] win, beauns.

The situation of the missile body with ]atticework-skin-type structuw'e is very

similar to tlht of mrssile wings. This structural type is mainly used in the

instrulent compartment, transitional section, tail secticn, and the part of the

missile body with the compartment containing the liquid-propellant storage tank.

Instrument coipartmnent There are different instrument compartment

configurations depending on different locations Di the Lissile. Whien the instru-

ment compartment is placed behind the warhead, the compartment is shaped like a

truncated cone. When the compartment is placed between the propellant tanmk, it

is shaped like a cylinder. There are, in the instrument compartment, frames,

which are used for mounting the flgh-t control instruments and automatic adjustment

equipment in the Imissile, and are used for structural, members wunder forces. Several

window openings are nade in the skin of the instiruent compartment in order to

install, examine, test, maintain, and service instruments and equipment. In normal

times, these window openings are covered.

Transitional section The section joins the various stages and the

warhead of a multistage missile into a single entity. Because of different diame-

ters of various stages (or war-head) joined by the transitional section, there are

two kinds of transitional sections, conical or cylindrical in shape. Figure 6-18

shows the simplest truncated-cone-shaped transitional section, composed of a shell.

and two butt-joint frames (without purlins). For the transitional sector (such

as the interstage transitional sector) operated under comparatively unfavorable

conditions, there are purlins and mid-frames for longitudinal and lateral rein-

forcements. If hot separation is employed for interstage separation, many windows

can be opened in the transitional section Joining the front and rear stages in

order to ensure smooth passage of high-temperature combustion gases produced by

the rcar-stage engine. Or, the transitional section can be made into a fraen-type

transitional section with welded joints of steel tubes, as shown in Fig. 6-19.

Tail section Thle section protects the engine against collision damage. 2

In the tail section there can be installed the actuators of the flight control
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system arxn control staifaces of' the miscile. The tail section can also join the

lower Orci, 11the, i.Issi.e can be supIortIed on the lauch pad. 'lhere are dif-

ferent tail-section structures because of different mismile types, subassembly

arrangemlents, engine structures, maneuver mechanisms, and methods of erecting a

missile on its launich pad. For missiles with solid-fuel brake rocket en4gines for

interstage separation ard a ginbhaled combustion chamber for maneuvering, the tail

section is shown in Fig. 6-20. There are four rectifyilng cowls along the direc-

tions of planes I-IIl and II-IV. Beneath the rectifying cowls are installed the

gimbaled combustion chamber of the gimbaled ernine and the solid-fuel brake

rocket engine. The engine frame, fixed on the reinforced frame, is used to

support the main and gimbaled engines of the missile. There are supports on the

lowest-end frame of the tail section in order to erect the missile on its launch

pad. On the rectifying cowls, windows are opened to inspect and service the

gimbaling mechanism and other parts.

S~~(3),,

Fig. 6-18. Parisitional section Fig. 6-19. Frame-type trasl-

Key: (1) Positioning, pins; (2) tional section: 1 -Tube; 2 -

Front frme; (3) Skin; (4) Reai: Bottom plate; 3 - Cushioning
frame; (5) Window. seat; 4 - Positioning pin.

11 0

I,} ;

Fig. 6-20. Schematic dia~gm of one
type of tail section
Key: (*) Direction A.
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Integral Wall. mat Struct'cre

In the missile developmncnt process, flight velocity L.as be.corle. hirfi-r and

ShAijhoer. hlis gýradually icads to new problemsu as f -)eatel' local aercxlyn mic

force. In onkrr to solve these problems, at the bogirning, the latticework and

skin were thick.ened. later, the latticework si d skin were ri;de into zm integ'al

structure. This leads to an intejr'vl wall pla! . type structiue with thick walls.

Figure 6-.2. shows missile wings of this structural type, which combines the

latticework mad skdin into one whole. So this is called an hiteir"al wall plate

structure from the viewpoint of the latticewor'k skin. 'Ihis wall plate can be

manufactured by casting, forging, or chemlcal etching. As shown in Fig. 6-21,

after two (upper and lower) plate mcsnbers are iintched at the leading and trailing

"edges of a missile wing, screws are used to join these two mu:mbers. For al aero-

dynanic configuration, a rectifying leading edge is added to the screwed leading

edge. In this type of structure, the thicknese of the latticework and wall plate

can be determined by actual loadig, at various locations 1in orcr to sufficiently

exploit the loading capacity of the structure. Moreover, the strmctural type

gives adequate strength (to withstand breakdown) and rigidity (to withstand break-

down) and a smooth configuration to reduce air drag. The weight of the structure

is also relatively light.

Fig.6-21. Missile wng Fig. 6-22. A section of
"of integral wail-plate missile body with inteoteral
type structure wall-plate type ,tructure

Figure 6-22 shows a section of a missile body wi.th ml inte.,al wall-nlate type

structure; ,everal i•iterTa]. plates are Joined (by welding) toethr t '.

In smoe ,:itwil. mis"'siles (such as air-to-air m;siles), an interm:1l structure

i.s used] for t.h,.11P mI.s, (Ž wing,, body and vwne surface; ""Iw: d nnd V1110M( 8I'e Com ed
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into a sizil. pl;- .,1n thu ms:i:ile body .1 a thin-w&L.l cylinder (guncrally

ca]3 le as hI l d-s;he] -typu body)

Since týhe lp,,;er stl-es, ballistic nissile) fly in a thin atim;osphere,

there is maeuh -. l.cis ry~ed to protect the engine against aerodynamic drag. The acro-

dynwnLLc stability of a missile drops sharply; so the later stages of a ballistic

miFsile can use the kind of tall section that can be jettisoned. Jettisonin

this kind of tail section can reduce passive weight (dead weight) of later stages

Ot favor a g7reater ranhe. The tail section (tlat can be Jettisoned) is composed

of several thin plates, whose Joining can employ quick-release locks (exclusively

J used for this purpose). By using explosive bolts, the tail section itself can be

Joined (i.?lth butt joint) to the main body of that stage. TPhis tail section (that

can be jettisoned) is of the inte[;ral wall-plate type structure. During jettison-

ing of the tail section, the butt-joint bolts are sheared with explosive; latches

are releao-xd; and the tail section plates are discarded from the missile body.

-Sndwich Structure

Ikaurther develop-ments in the integral w, 'l-rlate structure led to sandwich

structure, which is composed of two surface plates with a sandwich core between

them. This is where the term, sandwich structure, came from. At first, it was

noticed that a honeycomb is very thin but it can hold large amount of honey

without dcfonimtion; it was deduced that the honeycomb bearing capacity is very

high. Accordinr tc this coricept, some people used the method of welding or

gluing Joints of tin foil or stainless steel foil into honeycomb-shaped sandwich

cores, both sides of which are covered with facing plates. This structure is

used to irrae bearing parts of missile wings and others, This is the well-known

honeycomb sandwich structu-'e, one type of which is shown in Fig. 6-23. Also,

bubble plastic or- heat insulat3ig mcaterial is used as a filler of the sandwich
" core, which ., cad fier sandw:ich structure. I,.i~ue 0-21 shows a section of

a mi.si.le wing using a kind of bubble plastic sandwich structure.

Advw, taes of' sandwich structmuccs are their low wei[ht and high rigidity. So

the structure;( is csi ,.cially adaptable as a thin wing surface of a h.4..;h velocity

i. l]gj.t ehcle. ,iince the sandwich lwricycoib core or ijisulating filler has good
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!(? heat insu~rtbi, (!hartllCrlstrcZ, this type of structumc can serve nunder relatively

high tCmIpcPj':l',u1'Os while heat-insulaat!ii, n~iter.al is used for facilrwg plates. inle

structure cwui liuir in solvirn rlroblemts of aerodyrti'Žm.c heating.

Fig. 6-23. Honeycomb sand- Fig. 6-24. Bubble plastic
wich stlucture sandwich structure

Thin-shell S ucture

Some large rockets and missiles have large liquid-propellant storage tanks;
some tanks take up a large part of the missile body with diameters as large as

10 or more meters. To reduce the structural weight, a gas-filled thin-shell

structure is used for these storage tan.ks. Most of the storage tarnk is cylin-

drical -in shape; two termiinals of the tank are made -io a shape that is semi-

ellipzoidal or semi-spherical. The tank is filled with gas at 2 or about 3

atmospheric pressures. Thus the tank shell can be very thin, down to tenths of

a millimeter. After being filled with gas, structure rigidity con be increased

in order to elimliaat the I ,nitudinal stress induced by bending and compression

of the tank body. In order to avoid lateral deformation In the tank body, somen

partition frates (fo. restrainring function) can be welded on the tank wall.

Structural Material of Missiles

What kind of material is a missile imlde of?

Metal is a requi.red struictural imaterial. of misssile bodies. What kind of

mkatal, can be used? 11 )ht (but strong) materials are best. Here "light" meaLns

low spoc;Iflc gravity and "strolw:" me-roas h:igh strength and high rig.d-ity.
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Some othr' factors sIhould b. colu;ldch1'cd in sclectil{ , ..al for exa•i:les,

tihe de7-ece of' tc~mpcratu:t'0 cfect on T:ateritials, techrnical1cUonC t,.risticc (easily

in•chinex A or not), cost, and resouwces. Selection of mnatcr!a.s is also a prob]en

requirixig overall cons.ideration.

The mnin structural :materials of missile body are altuninumn alloys, magnesium

alloys, alloy steels, titanium alloys, ard composite materials.

Aluminum alloys The specific gravity of this class of alloy is simall,

about 2.8. At normal temperature.,, these alloy5 have hi.gh specific strength (the

ratio of tensile strength to specific gravity) and specific rigidity (the ratio of

niodulus of elasticity to specific gravity). The strength of superhard aluminum is

even higher. In other words, for the sane streg:th and rigidity, the structural

weight of aluminumn alloy is relatively light. There are two categories of aluinum

alloys: casting aluminum alloy and deformed alhu.intu alloy; they are easily

machined ai_, formed at low costs. Iherofore, aluminumn allo~s are used to make

liquid propellant storage tanks in acddition to makin'gý of skin and latticework

accessories for- the missile body. Al.umnuwn alloys have good cha'acteristics in

resisting chemincal and corrosion reactions; these alloys also have good low-

temperature chtaacteristics without being brittle In contact with liquid oxygen

"(-1830 C) and liquid hydreg[en (-2530 C).

MaL••esiumn alloys This (l.ass of alloy has a specific gravity, at 1.8,

which is even lower thin for aluminum ulloa. Although their strength is low,

"their specific strength is compa'atively high and their specific rigidity is not

low. However, sInce the modulus of elasticity is low and their oscillation-reduc-
ing ch.r'acte:Lics ai. good, these alloys can withstand relatively high impact

vibration loading. nieoc alloys have good machining characteristics. Map•nesiuii

alloys c~an be used to manufacture wing surface and (missile body) cabin sector of

various intejxal. wall-plate structureS, as well as other latticework accessories.

These all.oyr; do have t.he diudvantag.e of easy corrosion. tllhere are two types of

rnrgnesIuri, alloys: casting m'p.ositi alloy and defomned m'.iijresium alloy.

Alloy steel. This includes highi-streng",th structural steel, and

stairnl.e35 uteel with •i" ,-h tomiiperatuve aril co•rosonl res.i semitce. Amonio various
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type. of alley r.tc], the typical st.p)-StXCigth stel Jiicludcs 3oCr:-Ii .. tc:.l.

Afrter heat tre:".trx"t , the ult-liv'.te st'oi .th is 110 1"/1m 2. The sp(.ciflc [ravity

of alloy ste.. .lo u:;Iu.al.y u:.cd in I,-,,,, in str,:ss (such as bumi in stress and

reinforced paitA tion f'rame) and forc,, trarwi. ssion Joint. Stainless steel has

good ch-uac.terJ.-tics of cold machining, welding, and low-temperature service, as

well as h~ihj rodi.stance agailnst corro,,on. Thin stailess-steel plate can be used

to r-4ie skin ,a-d large stor'aCg tank&s for low-temperature propellant.

Titaniu- alloys hiis alloy class has characteristics of low specific

Egavity (about one half of that of alloy steel) and high strenrth (approaching

that of alloy steel); therefore, the alloy class has very high specific strength.

Also, the alloy class has good resistance against corrosion and high temperature.

Within the tcmp4erature range of 1500 to about 300 0 C, the reduction of strength is

quite slight. Trhe strernV,,Vh only decreases slightly at high temperatures of about

500°C. Titanium alloys do not 1" come brittle at low temperatures. Most titanium

alloys can be welded; therefore, they can be made into missile skin, latticework,

higlh-pressturc gas bott].es, and low-temperature storae tanks. The shortcomings are

inferior chaxacteristics of machinling and planrin(', and comparatively hight costs.

Moreover, heat needs to be added while forming.

Composite mTIter'ials Reinforced plastics are a type of com.)osite

materials. First of' all, glass filaments (glass fibers) are simultaneously wound

and glued with resin. Alteriatively, plass fila]iients are first woven into glass

fabric tnd then reoin is used to glue the filaments layer by layer. So this is

called as glass fiber reinforced plalstic (also called reinP[ iced plastics). Since

this material is rmnde of two types of materials (glass fiber aid resin), it is also

called as composite material.

At present, re.nforced p.a.t.cs most frequently used are compounded with epoxy

resin (or phenol aldehyde resin) and glass fabric. Although the plastic hrs a

moderate strength, it has low specific [gavity, only 1.8 to about 2. So its specif-

ic strength can be comparable to that of high-.trength alumintin alloy. Also, the

fo011ming techniques arIe simlio. So the reinforced plastics are widely uoed to make

miss.Ile beIies , is.l wips, and high-pressure gas bottles,
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Since the rldity of 1,,. .n c,.u *2]a:;tici ic- quite lo'., usually a sandwich

structu•rO i- foi:,cd duri1;', L,ý;lcatlun. 13u1bble r)lastic or honeycor'b is usually
m'de into a n•,lw.ch crc; his can coi;ipern.ate for the shortcoming of low rigldity.

Later, another type of cai'posite materials was rade by compounding epoxy resin

and graph.ite fiber (or boron fibr.ýr). Anotlh;er type of comi-osite materials hasK strength and rxgidity much hlgher ttzui for reinforced fabric. In order to compen-

sate for the Inabi.ity of rosin to withstand h'.4•h temperatures (Epoxy resin

0Isoftens, at above 200°C. ), im.etals are used to replace resin in rmaldng boron-altm~inum

composite naterial. Thercfore, temperatures as high as 250'500 C can be tolerated.

Also, alloy fibers and alloy materials are imide with composite materials. Thus,

there are not only better characteristics at high] temperatures, but also a signifi-
cEmnt increase in specific stren~th and speclf.•c rig~idi~ty. In short, studies in

this area are continuously moving ahiead.

After trial manufacture of guided missiles, in order to examine whether or not

the structural strength (theoretically calculated) can accoimnodate actual situa-

tions, growid strength tests and repeated test flikh•ts should be conducted. Only

after ground strength tests and repeated test flights have been smoothly qualified,

can serial production of missiles be started before their deployment by troop units.

-11
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CI{AM TER VII

COMBAT PAYIMAIJAD DMULTIPLE WANIEADS

Combat Payload of Missiles

The combat payload is the part of the missile involved accomplishing the
A combat mlssion at the final instant. When a missile approaches its target, the

combat payload executes its mission at a proper attitude according to the preodeter-

mined requirements and methods; the mission i.ncludes wounding and/or killing enyciiy

hutman resources as well as destructi.on of enemy arnms, key cities, and military

facilities Therefore, the part of the tiutssile body for the destruction of enemyi

targets is usually called the combat payload.

If' a missile has no combat payload and even though the target is hit directly,

the tarfg,(et ics not seriously dwmving.d because only the i kinet.ic energjy is

applJed to the tarUget (Fig.,, 7-1). However, i.t is quite difficult to directly liit

the taret because evoer syst;em in the mis"sile can w-ive some errors. If a missile

is equipp(-. with a combut.i payload, th•e dest.ructive ofI'ect is much Irx'eater. Only

within th i e!'ect.wv range of the ccnibat pay*l.oad can the target be dingced (or

dostruoyod) w.lth•o t, -,t (,I .r,.l. hit, as' s I.wn Fir, l",, 7-2.
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Fig. 7-1. Not a direct Fig. 7-2. IlittJi-C a
hit target

Usually, the cornbat payload is composed of three parts: warhead, fuse and

safety device. A vast amount of enerjy is stored in the warhead for destroying

the target. A fuse is used to ensure ,L. detonation when the warhead power, can be

exploited to the fullest. 'here are m:nmy types of fuses; thehr selection should

be based on target types and characteristics of combat payloads. A trigZerirg

fuse should be selected if' a binding-enerM, combat payload is used to attack ground
axnnor target. The priming device utilizes the impact force when the miUssile hits

imthe tart; the ipact force can ign•ite a priming device to detonate the comnbat
payload. A proximity fus!e is usually selected (such as infra"ed fuse or radio

fuse) if a caiibat payload is used to attack an air target. The proximity fuses

utilize some si[,nals from a target to initiate detonation. An infr=rcd fuse uti-

lizes :ihfr'arcd radiation in the canbustion gas :trc-mn fr-om an aircraft; a radio
fuse utilizes reflected rad•o waves from a target.

A safety fu;c( ensturcs that a wri'head does not detonate before the launch of

a minsile. Bef'ore encouaiter:h'un the tar'get, the safety Vase is :.e-oeaced on t.hnL

so that the m:1s:2..le nlead to self-destruct (when it falls to encounter the

targ .enerlly, a saety device utilizes some charactcristics (such as acceler-

ation) of nIld.,s.110 flight to release the safety to emnble the combat payload

Prre])U.:'e for dotonation. When a missile approaches a tarfget, thle fuse receolves

signals (such as Infr,'ared radiation aixl radar echo) from the target. The closer

the missile to the tanrget, the stp.ol e',, is the signal. The fuse will detonate tloe
combat payload when the signal reaches,,, a predetonnined value, which i- calculated

An advance for a rcqut.1d d:istance beltween the tmu'g.et mad missile to start its
detonatl'!on.
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Althoug,;h there are variou-s typoes of cembat p~ayload, [generally spealding there

are twqo: niuclearU and~ Conventional cciibat 1,ayioads. A ulaL,-tylodci eue
to est'o may ifIcrng yps o' arget rucar pýayloads include atomaic bomb,

hyWdro[gcn bomtb, arid neutron bortbl. Accor'd~ln to-he txithods of tae etrcin

there are three clatqcmrics of cCnventionaI, com~bat payloads: detonation, aniti-
personne-il, anid btlnenrycombat p)ayloads.

Conventional Combat Payload

(1) Detonation Payload

A detonation payload, is mainly used to destroy ground surface, water surface,

underground, or uniderwater tagtsuch as miilitmary fortifications, merchavnt

marine, and warships. Therefore, these co~mbat payloads are generally loaded in

air-to-air, air-to~-g[,r~oLLnd, n, ound-to-.ship, and ship-to--shi,- p mA.ssil 25,

A detonation payload is pocked. with large amounts, of dynamite. GenevalI.ly,

the violent im-pact waves, and detonation products (such as large amounts of high-

temperature, high --pre ssure, gas) are us~ed to destroy the target after detonation

of dynamifte in the comibat payload. 'tie magý-iitudc of the wave fr~ont pressure of

the timpact waves Is related to the cl. 'icterlstics and luriounts of dynamite; how-

ever, the.. p~ressure quickly decreases wlia :1.icreasing disLonce from the detonation

"1icenter. Within a certain ranige, the wave,. front has a very hihpressurae tha 't the

detonationi payload relies on to destroy builditngs and to wound and/or kill pe-op.le-.

FigureW 4-3 shw hestructure of the detonation payload of' a ground-to-ground

missile. The conical shell. is made up- of a thin steol . plate; higli,, energy dynamite

is charged in theo Shell. A cylindrical ,eoaio-rnmitn owdor col~uznu is

p)laced at the center of the conical shell; 1"'ses are, fi:tte..d Lat the front terminal

and at; the base cavIty.

Thue- functioningr process of this 'clilburt p-ayloa,1d isl as follows: whoni. the mITs-

sile app)jr'oaches 01'- hits "k targel..t, DUSesV at 1101,,( and base inlitiate the detonation,

which is"' tranoid ttud throuj'ji 1;ho ow coltumn to d'vtonný'tx dynarimrdte and destroy

the t1aril,'t.
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(2)
((3)

Fir. 7-3, Dt -tonat. 1o' Q,,, i Id FPig. 7-11. Basic structure of' ordin:ary

(3) ý cus; (11) Powder col u:2. Kcy (1) Metallic shell ; (2) Fu~se;
for tran2risrtti1%,ur detoiiat"101; (31) IEýliter; (4) Dynami-te.

(5) useat ase

A structur-al characteristic of'(e;nttl payload is its (rel.atively) thin

shell wall. rihus, more dynamite can be loaded. Tihe basic structure of detonation

payload is shown I,, FILP. 7-4.

N An underwater' dynoird.tce exp~loslon is basictilly similar' to a midaftr detonation.

The explosion pr'oducts also form ýimpact waves itn the water'. Since, water density

Is Ltreater then air' density but compres,-,sibi lit y is smaller, the pressure and

density of explosion products cannot decrease very r'apidly. The wave-front pre,,-

sure of the unidem~ater impact waves is mruch greater tha-n that in air. If the

inlitial Pr'esSU1`e of the wave front of a midalir detonvation is approximately 1000
tatmospheric pressures, the pressure of' an undervwater' detonation can attain 100,000

atmospheric pr)essures,

Another charcacteristic of underwater detonautions is that; the explosion prod-

ucts quickly expand asunderwa,,jter (us bbhle to expel the Surrouniding, watcr to

move diametritcal2.y outmwrd. In the process of miot ion, when gas bubbles expjand,

w thetw.ir ene.nlpeSAOOUual.t exter'nil pressure, (the sai rsueo

surrounding, water') iXro:,,ion shoul~d Nvwe ,stopped. However', du.e to the inertia'.

o2L the surrouidinj, waterj. cuprrent, expmnsion coi ibinuourly moves outmwu'd. As a

res-ult, the ex0c ,LAiv(e cxi 'in:sion of th.ý space A1iwiide a bubblesi r'esults in the -

internal pre~n ebeing, Iower' t)'vtri th,-e extevilal premumle . On diml.aappeuwrime. Of'

the ine:tit-1 fulleýtdon ".)1d aW n res In the int~ernal and external pveo;Eure differ-

niet~ho S r~otd Wnto itft'a 0,74 I inincsba , w to compress gfras 1 ubbloo

511viller. While. tiio gasu bubb).e: are,( m.) stivil1 tIvAi the I ntcr'nal aind external prois-

01u101, are quC, di'v. to the 1inc'r'tiln w:mtOr' stl ontififlw.e'4;.1y coimpresseIs the ~~

(25 uwi~:tI 1 ¶1 e 1V~t'] ISUpV'('2T ' h ~ ~'I ;n~r';,ptj ~ rerirc . ~16



the pressure, diffeve.nce O''CO1(. rier(t ia, j,'us bubblcs ~g~ain expand. Thus, gas

b;ubbles, vavy fi-cinum to Thrand from Plu2V~o to sria.l. Tihe process will be

repeated sev(:ral t-irias before equilibiriumi is finially reached.

We can~ see that; during the undoir-iter explosion of a detonation payload, there

are three typ-os of' destruction of merchant mnarIne and warships: the first is the

impact w~aves; the second is the water, cur-rent; and the thiard is the explosion prod-

ucts in gas bubbles-. However, when detona.tlon occurs at a r1istjance from. the tar~get,

the main effect is from the impact waves with little effect due to the last two

factors".

When dynamite deton-ates in the soil, it is similar to an under-iater explosion.

However, since soil contains iikany spores with scattered pirtic].cs, no impact waves

~ jof' apparecnt wave fronts will appear after detonation.

When a detonation payload explodes at a certain depth beneath the gr'ound

surface, a horn flare like detonation hole- will be opened in the 0.,ound. Generally,

this is called a crater, as shown In Ti.7-S Based on the extent of destruction

and characteristics, a crater cani be divided into three areas: destruction area,

compresionar ai ad shock area. The detonation power comles i o~ fipc

waves, frý in, and the overall seismic effect due to detonation. Generall y,

the crater (depth is. the standard of evaluatitie, detonation power. If' the detonia-
tion center is qluite deep beneat~h the, SUrfue, detonation cannot penetrate, thei

thic.k Sri2. .layer!. Then this iti called tuninel detonation, or blind detonation.
Th[e ahock, wave and fva' ;iiints froml this kind of detonation lead to Very little

dfflorvv! lilt the Seismi1c, offect, due to de.tonation i~s the greate~st.

((2)

Fir," 7-5. Sh ape of Nltn- Fg. 7-.6. Methods of' italbillvin,
tiocai
Kvy :(T) so:". thrown out', Key to) stabl:) iDe roe wrale
( 2) l:.a tli. . fnallyi h

Wecm sethi:d~r••te nd••aerex~sln fa etnain ayod8thr

aIetretpso etmto fmr~at•a.n :dw~hp:tefrti h
i-atwvs tescn sth a- u In;adtethl• steexlso rd



Generally, a detonation paylouad is chm-u.cd Into a wedium- or long-range

Vd ll sti e vd ssl.c]. iSi.ccu the missi.e velor.Ity is vci! h1j•, aerodyrnamic heatin-gC

is very se.ious) dwI'tl!C r'1-(~r'y into the atmos:.phere. Therfore methods of heat

prevention slhould be adopted. Therre arc two mcr.-,t coron methods of heat prevention:

heat absorption type and burn etching type.

Generally, a combat payload of a medwiu- or long-range ballistic missile can
be sepmatced from the missile body. Wihen considerIng flight stability on return

to the atmosphere (reentry into atmosphere), a special stabilizing device should

be fitted, such as a stabilizer or brake impeller, as shomr in Fig. 7-6.

(2) Antipersonnel Payload

An antipersorncl payload it used to attack enenm air and ground surface (or

water surface) arms and haiian resources, such as aircraft, missil.eS, ground-arm

facilities, and personnel.

Wounding, killing and dmL:ge' to targets by an antipersonnel payload is due

to its enormous kinetic energy wid its frareiients distributed with a certain
density to attack tarigets. The kinetic energy of fra.gents comes from the dynýmite

explos.-ion amd the distribution of 1ragyient density is related to the structure

and material of' the combat payload. 'Mle distinction between arit:ipersonnel and

detonation payloads is that the formier relies on fragrents to attack targets while

both cases both kInds can detonate as well. ar, wound and/or kil people, only toe

emphasis iB different. When these two fluictions are taken care of simultaneously,

the payload becomes the so-called antipersonlc.-detonition payload.

The antipor'sonnel payload is composed of' the four following parts as shown

in Fig. 7-7:

1. DJ.ynaxi.te: this, I.s main sorce of ener'•y for the anti persot-mel paL.'oud to

dstroy tho tar'get. 2. Metal shell: after dylmt aite deto LtatioI , the shell body

splita j1ixo at• A ,It por: tno] . ... fim'alnnents. 3, DItoint:lon at.ticw1etit-: it includes

detonator and dItloe rtA on-tAanti:.tt I ; powder, I. Cotint mIebei's : together A
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Wa LI a mea 11'l~~.i'I -I tc I.: I 1i'1 'col ji1.fl UW'i' rwi ( 0¶1)I c ornec it I ii to the

1.
Pi.7-7. LSchei aI A dia- 1, 7-8. Groove type

gran sowig~Struuetur'e of' wntipersoru ic pay load
ant ipei-sonncl1 payload
Key: (1) -r'ont end con-
riectinZg memnber; (2) Metal
shell; (3) Rear' endl con-
floatiWg mi-iiiber; (11 Dyranwi dt-;
(5) Prý-tmilnL; device.

There Ear vaLrious types, of' antipeo'sonncl rpaylocad strUCture. On the fraepient-
foimning shell structur'e, the most frequently seen are the, followingT types:

1. Groove 'Type

A g'oovec1 siteel plate is ben-t into a cylinder or1 truncated cone, which is
Joined (by weldire.) into a Oshell body, as shoewn In Fie., 7-8. Grooves divided the

steel plate into rnar'i cubes,, rhombs, or sma~ll. blocks of7 other shapes'. Grooves5 Can1

be inscribed on an Armor or outer surface of7 the shell., or Loth surfaces can- be, in-

scribed. rpo inscribed {t 'ove,,) arc weak I.nIks. Mien dyiminltc' oxp~l odc.!s, the she~ll

expands arnd relativel~y con*.,ac~ t;f.av;"lnts arn foiiied alongt the Cvooveso. The

dep-!Ith of' tho inscr'lbed] Pý`OOVO~l is0 MR11n1y -ee~mind by the t) -.aknosn of' the steel

plat:e. If the inscrilbed t'~oov(; carcý too dleer) tihe toulghneis-v of Coimb~at prayload

wtll be wearkened arid thr:.ý Vrageict. velocity is alsoo low. When the inscribed fgu'-oovos,

are too shmallow, fr'atmmerntlts will not. be fanned accordling4. to the des'mclimidnensctons.

Several, or more, ftlaprnti3 iimay hojl~e itied topoetiCr' i n veduc iing the n1umber of ani.

pui'SoritV) fratmnients for, lower' e~f'ects .. The dim trof' thiz kinid of combat payload

:is relat i vel.y ],r.1 %fl. th iLI a 2(ftŽ'Siip2Snml 1i':dIu

R '



2. 13.n11ir eding-e (VV W00OVu y

~~ I Its si (!11 is uw.'unIily iiauor a steel tilO.Lied closely ailong the inner' wall

of' tl hel sh.1.In a p~lant Ic or, celluloid slefeVcve ith special gr-ooves pr~essed on the.

[Toove surface, as slhovwn in lFig. 7-9. The outline of th-e gr~ooveB Is detei-mlnod by

the i-coui rod rmethae 1\'l~rq the diotoriation of pacl-,af-pd powder', relatIvely

concentrated onrior~y occur's alonig Cgrooves to cut the steel shell into small blocks

of required shape. tfl.1 cm-Nved f,;teovces on the Sleeve should have a proper outlineý

and depth, othermisc an Ideal cutt:Ing fnto caoteesued. '11e diameter of 2
this kinid of comtbat p.ayload is relat.Avcly smill, rand likewise for its antipersonnel

Ti. ( 3 )0 M A t

Ft,7-9. R.1ndlxng-
energjy gr~oove type

an-t ipe.r'sonnol pay loadI
Key: (2.) Shell; (2)
lBindilig enevigy plastic
sleeve; (3) Dynamite;I
0i) Detonat:1on-tvra.nsmit-
tirig powder, column-.

3. Prefabricated Type

Alti icud shapes, aid weigrhts are neaily the same, for- framvont.a. yielded by two

types (pgroove type urid bindinC-enerp~y Vroove type) of an~~e'oi~1payload, siiall

ft-aewcntts or joiniiig fvafyientr5, can still be-c. formved. Edgetos of tho r2nr1 arle

indented, wi th- fairly poor aer~odynamidc. c1iatritq.The'sn shor'tcominr7 crun

be bettor, avoided by usinpr pr'efatwIcateod aniesne.payloadsc. The prefabvIAcated

ftrapynents areO mauf'actwod in advance accordling to the predetermiined r-l'4.,)e anid

weifrhts; [,ýonorall y the fvaV~jiienti,, oitn -: cubes. After, ti 1 )roi~fabrl'ca11ed framc.)entsr

are dipped Into ep~oxy resinl, they% are arr-angedo~ onto the inner, s'he)) tade of' a thin .

loa, paeorenocdp s. ttrpoyein iti solidified , it becometi a

sturdy ontc.ýr- sheli l, I.Alt.eviriat-ively , aL la.yer, of thjin leadj pla-te or, reinfor-ced

pla'nt;c Ic , :1 sWedre. on t srld the frv'ar,1nent; shel:I . The pvi'ef';v CIbri etd f1`;ij1TC'1etS scCUn be

wa n)-rn~g d .111- 'i( a sIi~ I `11 ' ,] d"IMI i .1 ItYei' ,) ( )r jili iiti .1 i ' I ayc'v, Aftei' the comi~nt
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~l~y2 load is I L(1a ed and~~(~ (1w ~ of f. itzC'111~ :ca *'' nti thcir

ovr~lrvinl manl ftude. '111A s corwat. )"Iy.1oad Carl be Wide Ji' to CIIl(. ci'ser of' dif feve'tm

~4. Strip Chajin Type

- t,3 outul' Lsilll Js a zig-or, we .c.1. stec' stlrip withl lqjuare por'oss,-Sccti oil and

it; cloned into a cylinder, as show~n int'g 7-20. Dynamwite is char~ged into the
cyiit dekr. After detonation of the, dynait, the outer Shell Lr'adluulJy expanids duo,

to the fovcc of' the explosion. The Steel Str'lpj is gr'l`uaJ.l2ly (11-I'awr out to folil a
con'tinllCuou-stripJ~j chain ring for woundling mnl/ol' killingfý' huIRMI tavrgetc. Thia rirc
ha.- its, dlasmctcr gradually cxpr'anded to t~he ix.wtnas the Intuol sitrip is Comp1).,ltcly
di'awn out. At, this point the s;tuc2. Strip br'en1l"I into relatively si ort strip's to
be-. cont.i nuously fl.ying o~ut-w,,ad (Pg.7-11) . A qluite approc'ci'abl~e npesri1

OCCUPS, ocuIfter'` the ft'raj7Innt's hit a targevt;- Thiv co.mbat payload has3 a rein-

tivc'ly cvall radius of wounding., arwl/or kil.1i:qng a,, the a1'Iti.Ier-soolnnl rinLý is' u~illost
inl the, folil of a Plane.

*41.

Fi.7-10. Strip ci1,11 typ 1.(~I2~OS Scell.c d:ppl

Ke: )Dynlrurdi t (.; (2) Stueo. stixp; (3 villf*g
SSteel Istvrip drawn out, Key : (1:i) Mtd i d eItaIn cu'lat, :1 ocIn

(3) 5('8tt('i', I Zone o'

mtrlps M*il 1)Drkl .t

mo r =j, ~
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(3) B3inding-ener7y Combat Payload

One end of a cylindrical dyna-mite is !nade into a conical groove; when detona-

tion is initiated at the other end, concentration of dynamite energy appears along

the axial line of the groove. Users discovered this phenomenon and called it

oinding-enerr. phenomenon or effect. The groove on the powder column is called

the binding-energy groove. This phenoienon is caused by directional detonation.

After detonation of the binding-energy powder column, the explosion products of

surface points of the binding-energy groove generally fly out along the direction

of normal to the groove surface of these points. Every point on the circle acts

in this manner, then along the central axis of the binding-energy groove a binding-

energy stream forms with very high velocity, as shown in Fig. 7-12. Thus, the

binding-energy combat payload can be considered a combat payload with the dynanite

energy concentrated to a fine stream. The velocity of the binding-energy stream
can be about 10,000 m/sec, so its kinetic energy is quite enormous, much greater

than the ultimate stress of steel. Therefcre, the binding-energy stream can

penetrate steel armor and concrete fortifications.

"(--2 (4) (5)

(*))

Fig. 7-12. Form of Fig. 7-13. Anti-tank binding-
binding-energy stream energy payload
Key: (*) Focus. Key: (1) Fuse; (2) Outer shell;

(3) Cap; (4) Dynamite; (5) Fuse
tube; (6) Detonation powder.

If a layer of a metal cover (usually called the powder molding cover) is

lined, along the surface of binding-energy groove, the armor-piercing effect can

be increased (four times greater) over the use of the powder molding cover, which

can make the metal bindiin-enerLV stream gacvter in density, Longer in distance
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traveled, and greater in concent~ration of energy. This can result in a greater

armor-piercing effect.

The binding-enerjry payload can be used to damage armored targets, such as

tanks and warships, and is generally installed in anti-tarn and ship-to-ship mis-
siles. The payload can be also used to attack air targets.

Figure 7-13 shows a structural diagram of a type of anti-tank binding-energy

payload.

At present, a piezoelectric fuse (using piezoquartz in detonation with high-

current voltage from impact pres-ure) is used in binding-energy payloads. While

fuses are installed, a desirable form of exterior should be used as far as possible

in order to reduce aerodynamic drag. The material, dimensions and shape of powder

molding cover have a greater armor-piercing effect. A copper-zinc alloy usually

serves for forming into a conical shape. The effect of send-spherical molding

cover is better in penetrating concrete.

For greater destructive power, sometime a more complicated payload should be

selected. For *arple, when attacking midair targets, a combat payload can be

selected as having both functions of antipersonnel and binding-energy. When at-

tacking surface warships, a combat payload can be selected with both the ftunctions

of binding-energy ard detonation. When attacking ground targets, a combat payload

can be selected with both the functions of detonation and antipersonnel attack.

Nuclear Payload

(1) Ordinarj Nuclear Weapons

For long-range missiles, if a conventional payload is used the power is too

small. Therefore, usually this type of weapon employs a nuclear payload. In addi-

tion, in short-range field operations, air combat, and air defense, some missiles

are also charged with nuclear payloads for destroying large-area ground targets,

attacking aircraft, and intercepting atomic bombers.
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The destructive power of a nucler payload comrea Crom the nuclear-energy

release of some elenents (such as uranium, plutonium, deuteriuim, and tritium).

However, nuclear energy is released In the conversion process of nuclei. There

are two conversion formns of nuclei: one is the fission of heavy nuclei, and the
other is the fusion of light nuclei.

The fission of heavy nuclei consists of the nuclear splitting of a heavy

element into a lighter element. Tremendous energy is released in this fission

process. For example, when neutrons are used to bombard an uranium nucleus,

which is split into fragmients of almost equal mass arid liberates several neutrons
as well as release of energy. These neutrons also bombard other uranium, nuclei.

In this way, the number of fission nuclei will be rapidly increased. This is a

chain reaction; its reaction velocity is very high, only several microseconds.

Therefore, this is a violent explosion, releasing tremendous amounts of energy.

The nuclear energy of 1 kg uranium is equivalent to the energy released in the

explosion of 20,000-ton of TNT; this is generally called as a 20,000-ton TNT

equivalent weight. The weapon 1ilizing fission of heavy nuclei is called an

atomic bomb.

The fusion of light nuclei is a process of light nuclei fused into heavier

nuclei. This fusion process also releases tremendous energy. For example, there

are three isotopes of hydrogen: hydrogen, heavy hydrogen (deuterium) and superheavy

hydrogen (tritium). At superhigh pressures and superhigh temperatures, tens of

thousands of degrees, nuclei of heavy and superheavy hydrogen fuse into helium

atoms, releasing tremendous energy. This 1 s called a thermonuclear reaction.

Fusion can release much more energy (usually ten tirres) than fission. The weapon

made by the principle of fusion of light nuclei is called a hydrogen bomb.

Figure 7-14 shows a structure schematic diagram of atom bomb. In the diagram,

each of two lumps of uranium (or plutonium) has a mass less than the critical mass,

which is the maximum mass for which no chain reaction will start spontaneously.

Thus no chain reaction will start. If a chain reaction should start, a detonator

explodes the dynzamte to join together the two lumps of uranium. At this time, its

combined mass is greater than the critical mass so a chain reaction is started.

The (very ic) bomb shell is made of a heat resistant alloy to prevent the nuclear
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paclka:ge from flyin, apart (d~uaing detonaticn) pvcmattLvely; thtus, the detonation

power is increaused. Moreover, the outer shell can also reflect neutrons. At

present, the power of an atom bomb may reach millions of tons of r,.r equivalent

weight.

(2)
S~(5)

Fig. 7-14. Structure sche- Fig. 7-15. Schematic dia-
matic diagram of atom bomb gram of' hydrogen bomb
Key: (1) Bomb shell; (2) Key: (1) TigCgerlng device;
Conventional dynamite; (3) (2) Deuterium + tritium.
Uranium or plutonium; (4)
Neutron ref'lector; (5) Timing
or triggering device.

Figure 7-15 shows a structure schematic diagram of a hydrogen bomb. In order j

to create a condition of superhigh pressures and temperatures for a hydrogen-bomb

reaction, a small atom bomb is charged into the hydrogen bomb. Th'e smal I atom bomb
is the fuse of a hydrogen bomb, whizh has a relatively thick shell because of its

• even higher power. At present, the power of hydrogen bomb may reach one half mil-

lion tons to tens of million tons of TNT equivalent weight.

When a nuclear warhead detonates at the ground surface, the warhead releases

shock waves (detonation), photo-radiation (combustion), penetr.ation radiation, and

radioactive contamination (wounding and/or killing people). Therefore, a nuclear

weapon exerts the combined function of killing and wounding people. The first

three forms of destructive energy only exist within a short time vihile the last

fonm of onergy exerts its fRnction of Idlling and wounding people as well as

damaging pioper-ty for a longer time.
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Dipact wraves dur~ini a gotound detomotlon constitute the main d:argng, factor

of a nuclear explosion; this forit of energy accounts for about one-half of the

tot•] energy released by a nuclear weapon. However, the direct cause of injuries

(to people) is mostly due to collapse of buildings. The extent of building damage

depends on its buildIng location, terrain and sturdiness. 'herefore, nuclear

defense is possible only by providirCg good protec~ion, Actually, the characteris-

tics of shock waves due to a nuclear explosion are basically the same as that

from conventional dynamite; only the power intensity of nuclear weapon is much

higher.

Photo-radiation is caused by superhigh temperatures from nuclear detonation;

this form of energy accounts for about 35 percent of the total energy. Photo-

radiation is a form of electromarnetic waves, which exert the function of wound-

ing, killing and damaging throug)h burns. Proper protection against burn is pos-
sible; for example, shield protection is very effective. In addition, the exposure

time of photo-radiation is very short (only 2'•3 seconds); therefore, it is also

possible to defend against phnoto-radiation, which only damages the surface layer

of most things, unless the detonation center is very close.

Penetration radiation is invisible radioactive rays, approximately accounting

for 5 percent of the total enerfgy; mainly these are ganmna rays and neutron fluxes,

propagating very far in the atmosphere with intense penetrating power. However,

ganma rays weaken with increasing distances and the penetrating power also quickly
decreases (shown in Fig. 7-16). The exposure time is short, several seconds to

between 10 and 20 seconds. The exposure time of neutron fluxes is even shorter,

only tenths of a second. So penetrating radiation can also be protected against.

There are similarities between penetrating radiation and X-rays in penetrating

the human body. At high intensities, cells will be damaged, causing radiation

sickness.

Sources of radioactive contaminition come from various radioactive elements

after a nuclear detonation; these elements are fission fragments, the part of the

nuclear package not involved in the reaction, and radioactive isotopes (also

called artificial radioactive isotcpes). These isotopes are libertted after atoms

(from detonation-area substances, like soil, water, air and buildings) absorb
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neutrons. Fission frarncnts awx the main source of contamnination. Radioactive

contamination accounts for about .0 percent of total energy, ,id the contamination

lasts longer, about several hours to several days.

(2) Neutron Bomb

The neutron bomb is a new weapon. Some people call it an enhanced radiation
bomb; actually, it is a small hydrogen bomb. This nuclear weapon kills people en

masse by using neutron radiation. Neutrons are one kind of fundamental particles,

a constituent of nuclei. Neutrons do not carry electric charges; each neuron

weighs more than 1800 times the mass of an electron. Neutrons can readily pene-

trate a nucleus. Upon the detonation of a neutron bomb, large numbers of neutrons

are released by nuclear reactions and the blast. Neutron radiation is originally

one of the antipersonnel and4 property-damaging factors after detonation of a

nuclear weapon. During detonation of a conventional nuclear weapon, neutrons are

sealed in the bomb casing. Thus, most of the neutron enero, is transformed into

shock waves. Upon detonation of a neutron bomb, large numbers of high-energy

neutrons are liberated; the radiation intensity of the bomb is more than 10 times

that cf a conventional nuclear weapon with the same TNT equivalent weight.

j? (5)

;-iFig. 7-16. Penetrating power of gaima
•-•v. •rays
[.IKey: (1) 2.8 cm of armor; (2) 10 cm of
Sconcrete; (3) 1.4 cm of soil; (4) 25 cm
• " of lumber; (5) Gamma rays weaken by one

half after penetrating the foll~owing
• (thickness of) materials.
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Neutrons enter a hur'.an body wnose cell tissues axe daged, causing death.

Compared to garwr rays, neutrons possess greater destructive pcewr, especially high

penetratinUg power. A neutron bomb mainly relies on neutron radiation for anti-

personnel effect; the bomb releases less powerful shock waves, the:al radiation,

and radioactive contamination than conventional nuclear weapons.

Neutrons possess high penetrating power. In the effective range, tank armor

and thick walls of reinforced concrete buildings can be penetrated by neutrons to

wound and/or kill the people inside. If people linger for five minutes or longer

during exposures of 8000 roentgens (units of radiation dosage absorbed by a body),

they become imTobile. They will die within one or two days if they remain there.

Of course, it is possible to defend against neutron bombs. Since the penetrating

power of neutrons is still limited, more than 1.5 m of soil layer can withstand
neutron radiation, Therefore, tunnels of certain depths can provide effective
protection against neutron bombs.

The TNT detonation equivalent weight of a neutron bomb is relatively low,

generally in thE 1000-ton TNT class (about 1/15 the deton-ation power of a Hiroshima-

type atan bomb) and with small effective radius. At low-altitude detonation (90 m
above ground zero) of a small neutron bomb, its destruction radius is limited to

only within 180 m of ground zero. Therefore, usually neutron bombs are used as

tactical nuclear weapons; they are also called second-generation nuclear weapon.

Multiple Warheads

In the past 10 or more years with the advent of intercontinental ballistic

missiles, anti-missile weapons (intercepting ballistic missiles) have also been

developed. In order to cope with these defensive weapons, many penetraýting

(defense) means are used by ballistic missiles in order to avoid interception by

anti-missile weapons and to attack the target. Countcring the penetrating-

technique developments of attacking weapons, a series of anti-penetration means

are adopted by defensive weapons, such as an enhanced power of warhead discrindna-

tion and early warning, as well as im)roving and raising the performnaces of

intercepting devices. Thus, the technology of penetration and defense between mis-

silos and anti-missile weapons is continuously developing. As one means of

penetration, nmutiple wai-hcads appeared in this situation.
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The concept of multpIle wcUIhe ad:.k orlginated in the eirly l9C0i. In a mother

warhead (also called the mother body or MOthei compartment), a proup (as many as

10 and more) of sumall subwarheadr; are loaded. After the mother warhead flies to

a certain altitude, the group of subwarheads are released to fly toard the pre-

detenrined targets.

The advantages listed below rkmrked the adoption of multiple warheads in a ris-

sile: 1. the enemy's anti-rriissile weapon is not likely to simultaneously intercept

all attacking subwarheads because they are so nwmerous. Thus, the penetration

power is increased. 2. In a situation of the same amount of total power, every

subwarhead can effectively destroy a target. So the total antipersonnel and danxage

effect of multiple wazrheads are greater tham for a single warhead. 3. Multiple

warheads are more flexible. They can attack one strategic target, or they can

attack several military targets.

Multiple warheads can be divided into three types: the first type is called

scattered-type multiple warheads; the second type is called individual-guidarice

type multiple warheads; and the third type is called maneuvering type multiple war-

heads.

Characteristics of scattered-type multiple warheads include the following: nei-

ther the mother warhead nor subwarheads have guidance; neither of them can per-

form maneuvering flights; and all subwarheads are scattered in a small area near

a single impact point. Therefore, all subwarheads can attack only one regional

target. Releases of subwarheads proceed as follows: at the terminal point of the

powered phase, after the mother warhead separates from its launch vehicle, the war-

head will fly to a predetermined altitude and velocity. Then a subwarhead is

released after the mother warhead flies a certain distance. All subrarheads are

thus released in sequence. By this means, a Uroup of subwarheads are dropped on

targets several kcilometers or tens of kilometers apart. This type of release is

simple but it is less flexible with relatively low accuracy of hitting targets.

A characteristic of individual-guidance type multiple warheads is that the

mother warhead hvas a nailn engine and a control engine to correct the mother war-

head's velocity and direction. At appropriate positions, subwarheads are released

one by one or in one fgroup. Every subwarhead can individually attack a single
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target, or atut±clý tine 11,nc Utargt by following4- diPfoverunt. trvýIctorie:;, as shown11
in Fig. 7-17.

S(b)

Fig. 7-17. Schematic diagrara of
a type of individual guidance

multiple warheads
Key: (a) Subwarhead 1; (b) Sub-
warhead 2; (c) Subwarhead 3; (d)
Posture control rocket.

The process of relasing individual-guidance type multiple warheads is as

follows: after the mother warhead separates from its carrier rocket, a control en-

gine (carried by the mother warhead) starts to operate to correct errors in the

powered trajectory phase. According to a predetermined program, accurate correc-

tions are made to velocity and direction of the mother warhead. Then the subwar-

heads are released in sequence. After all subwarheads have been released, the
mother warhead 1s not under guidance but flies toward the target by inertia. There

are a number of guidance methods for the mother warhead during its release of

subwarheads. Three guidance methods ire listed as follows: 1. change the velocity

of the mother warhead. By Ignitlrig a power device, the mother warhead can be
accelerated to maneuver the subwarheads' drop points at some diLtances farther
from the drop point of the original warhead. The mother warhead can be decelerated

to maneuver the subwarheads' drop points nearer to the drop point of the original

warhead. 2. Change the direction of the mother warhead. Start the control engine

and control the mother warhead to turn flying along a direction perpendicular to

the original trajectory plane, Thus, the subwarheads can hit targets at both sides

"of the original target. 3. Chan,;e the attitude of the mother warhead. In the

original cotuse, impart to the mother warhead an Impulse to change its attitude

(angular position in space) and to raise or lower the trajectory altitude to enable

a subwarhead to aim at the same target as the previous subwarhead. Although the
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•:•,! two 5ul &�, . y ,.hit the same target possibly several uecori]s •a.x . te, oal
of h ~ttiw t1:. :'•:e tarrrt by two subwarheads is accomplished. Aftt., all zub%:°ar-

heads are wch'-d, the mother wa"1 cad reenters the atmosphere alonxg, a cc-tai•n
Sprdet .!, cotz-uso to deceive the encnW defense system so that real nuclear

warlifw lads ca-a, m•:oe easily penetrate the enemy missile defense aind avoid intercep-
t1on. Firie 7-18 is a schematic diarspam showing attacks by individual guidance

type multiple %,.-rh c•d s.

19 (c )\N (e)
74A .... .. ' '-

,- t... .. :'::.',." .. . :',',g f I •A.. .,

II .- .. ... . (i) < -* -. *.. ..... , . ,

Fig. 7-18. Schematic diap'am showing attacks made

by individual-guidance type multiple warheads
Key: (a) Missile; (b) Separation of missile body; I
(c) Ignition of mother cabin; (d) Separation of
mother cabin's shell; (e) Subwarhead 1; (f) Subwar-
head 2; (g) Subwarhead 3; (h) Mother cabin's reentry
into atmosphere; (i) Atmosphere.

Characteristics of maneuvering type multiple wairheads are as follows: every

subwarhead is equipped with a propulsion and control system to change trajectory

during maneuvering flight, and a homing device in the mother warhead can automati-

cally aim at and hit a target.

In order to further enhance penetration capability, raise hitting accuracy

of warheads, and increase the distances between subwarheads released by the mother

warhead, it is necessary to have every subwarhead equipped with its own guidance

system and propulsion device for maneuvering flight. This is the third-stage

development of multiple warheads.

In order to enhance penetration capability (by adopting individual-guidance

type multiple warheads) and to perform maneuvering flight by subwarheads, the

accuracy at the tenrinal point of the powered trajectory phase is reduced. So it

is necessary to continuously guide the warhead after completion of the powered
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phase. Then guidance is neded in the middle and final trajectory phises (final

phasc-from 100 kn altitude to ;'ouwid impact). With guidance of the niddle and

'inal phases, accuracy requirements can be reduced at the tex-minal point of the

powr'red phase. So besides continuously increasing the accuracy of the guidance

system, adoption of guidance in the middle and final phases is one way of enhancing

the accuracy of multiple warheads.

KHclle-phase guida-ce can use the guidance system of the powered phase after

-.,nh,,ncing the accuracy of the present gruidance system; for example, an inertia

guiJane system can be used. A kind of middle phase guidance system under develop-

.nent ac present utilizes starlight to correct errors of the powered phase and

~ori-pensrite for deviations of warhead flight in its middle phase.

iFinal--phase guidance is also a main factor of maneuvering type multiple war-

b,.ý s. it is required to more accurately guide subwarheads toward respective

Swtargcts by using inertia guidance and other automatic homing devices after sub-

warheads are released.

There are inadvantages in multiple warheads, such as complicated technology,

A relative difficulty in execution, and lower accuracy. In addition, the nuclear

reaction and material utilization are incomplete because the nuclear warheads are

relatively small.

4
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CHAPTER VIII

WINGED MISSILES

What are the characteristics and applications (of various types) of winged

* missiles. We talk about these problems below.

Ground-to-air Missiles

The ground-to-air missile is a type of winged missiles; its development began

in the late 1940s and the pace speeded up in the 1950s. At present, more than 50

kinds of ground-to-air missiles have been successfully developed. At the outset,

the targets for these missiles were long-range bombers and aircraft-type ground-

to-ground missiles, which will be &-scribed in the following treatment. Often

these targets escaped ground fire and fighter plane interception by flying at

high altitudes (10 to 20 kin) and highJ velocities (two to three times the speed of

sound). So in this period the ground-to-air missiles had flight velocities of

2 to about 3 times the speed of sound, a launch altitude of 10 to about 20 In, a

range of 30 to about 320 ki, and a weight of 2 to about 7 tons. The missile's

warhead is relatively large. However, nuclear warheads were seldom used. The

launch installation was stationary and ground facilities were relatively compli-

cated.

Later aircraft bewman flying at low altitudes and intercontinental ballistic

missiles made their advent. So in the recent decade the development of ground-
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to-air mi.:-AI~es (as an air-dtuci .:-c e %) proc.eeded ac two dLroctions: one

type iwas a i.:t2-1'on ;nairny for I rjtif;bl2iotic rdsoilles; this, is the so-called

anti-rnisnA.20 w"eap"on. ýTThe ot~her type ;.,as mainly used to inter~cept low-altitude

tarfgets (bumL'e:r,); this is the slo-ca] lcd a!, -d-cfcne missile. See the book

-FANDAODAN UI(r1,vlSL Wl1J2 for -ms Ie flonrat-Olo, which is not

included in thids book.

What does an air-defense mris-sile looký .ik~e?

The basic component parts of an air-dofense missile are shown in Fig. 8-1.

*Fig. 8-1. Basic parts of air- Fit.ý 8-2. Cluster instal-
defense missile lation of' booster

Ke:(1 rpuso isala ey 1 Bcstr 2)Mi

S4tion; (2) Stabilizer vane; (3) engine.

Warhead; (6) Control system.

Warhead At present-, most air-defense missiles use antipersonnel war-
heads to destroy targets with exploding fragnerits. Few of these missiles are

fitted with small nuclear warheads.

-Power installation Most air-defense missiles use liquid- or solid-

* fuel rock~et *engines. The solid-flel rocket engine is simple in structure and an

venient in operation. However, the operating time is fairly shor't and a magnitude

of imipulse not easily adjusted.

Usually, two stages of the propulsion Installation are mounted in an air-

defense missile. The first stage is called the accelerator (or booster) for the
launch and acceleration of a missile. After the missile atinsacran eoiy

the boos~ter is automatically jettisoned in order to reduce the missile weight. The

second staFre of the propulsion installaticn is called the cruise engine for un-

interrupted missile flight in order to cover the full distance. A solid-fuel
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rocket engine Js used for the booster with to possible engine aTM arOwrnts: one

is the twcinom installation (as shov..n in P'Th. 8-1) for sleeve fitting of the buo:-,ter

in the roetmost part of the missile body, so the air drag is snmll for move safety

and convenience during separation (unlikely collision with the nSssi~e body). The

other engine arrangement "involves cluster installation (as shown in Fig. 8-2);

there are two or four accelerators (or boosters) to be synnetrically arranfed

around the missile body, so the overall missile length is shortened, resulting in

a compact structure. However, larger drag will be the outcome of the relative

complexity during separation.

Guidance method There are quite a few guidance types for ground-

to-air missiles, such as beam-riding guidance, radio co=mand guidance, automatic

guidance during the final phase, infrared homing, and radar semi-ac ive homing.

Missile body It includes three parts: missile body proper, mis-

sile wings, and control mad stabilizing surfaces.

Generally, the combat procedures of an air-defense missile is shown in

Fig. 8-3.

M -bs

1% (5)

C7A,-A'a"• '.. t , : _" ", • . . •.

FU,;. 8-3. Scheirtic diagram. of cobat procedures of

an air-defense missile
Key: (1) Radius of wounding and/or killing; (2) Enter-
ing defense zone; P3) Target; (1) Guided missile; (5)
Long-range early-w-uning radar; (7) Order to shoot; (8)
Alarm.
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lhe crly-a�n�.iri••g x'adiars gMIadilw tr,, n•Vi.nal bcouIKlmries seaUch for ta.'-vets

lday and nirtht. Once air (invasion) tarmito!.ts are discovered, the radar Installation

inrmediately Infloi•s the rdissile launch facilitiecs to enter a state of combat

readiness by maki~ri all preparations before ]auwiching. Mhen one or more targets

ik', enter the missile's effective range, one or more missiles are iimexdiatcly launched.

First, a solid-fuel booster is ijntd to geonrate a thrust, which pushes the mis-

sile flying upwa:d from thle launch pad; the miscile climbs rapidly. Several seconds

later the operation of the booster is ccmpleted with its power cutoff and automatic

separation. At this instwant, a cruise engine is started to continuously accelerate

the climbing imissile, which flies toward the target under control of the guidance

system. When the missile flies within a certain distance of the target, the fuse

"j safety (of the warhead) is released, to begin warhead operation. When the target

enters the radius of the warhead's detonation power, the fuse immediately fires

and detonates the warhead, destroying the taret.

The efficiency of destroying the target by a single firing of an air-defense
missile is not high; usually, several air-defense missiles are required to shoot

down an invading aircraft. Therefore, in order to guar=d a city or a key strategic

site, a complete air-defense system should be built; the system includes many

ground-to-air missiles.

At present, air-defense missiles are being continuously improved. Improve-

ments include auMented antijamning capability, enhanced capability of low-altitude

combat, adoption of more solid-fuel rocket engines, better maneuverability of

ground launch, multiple uses of a single missile, and better guidance accuracy.

Air-to-ground Missiles

Air-to-ground nmissiles are a main weapon for attacking ground targets used by

modern bombers, interceptors, an fighter-bombers. 'Mere are many kinds of air-

to-ground missiles with different applications. From prvelimniary statistics, there

are more than 50 ty.ne, of such missiles under developnent and in active s. .-vice

i- foreign CoUntr ,. There are several classificati.n methods of air-to-ground

missiles. T]hey car. be cla.ssified into strategic and tactical air-to-ground mis-

siles based on coftiat application. They can be classified into decoy missiles,

10.
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co~untevr'adiat ion mi-An.-I1oev, air-to-Ohi p mit-,-ilvs, tuxi airborne anti-tank mi ssiles.

Strateg, ic air-to-ground rissiles are a type of modern attack weapon used by

a strategic botce'r for long-rov'o pentration. Weighing one to ton tons, this

kind of missiLe ais a nuclear warhead; the =ixinum velocity is three times the

spoud of souid and the ,ax ii=um range Is 1600 In. In foreign countries, the types

of deployed strategic air-to-[round missiles include Greyhound, Quail, and Ka"Zgaroo.

Tactical air-to-ground guided missiles are attack weapons used by fighter

planes. The missiles are aininly used for short-rar4!,e midair support and medium-

and long-range aerial attacks. Generally, these missiles carry short-range conven-
tional (dynamite) warheads of 6 to 60 kni. At present, the deployed (and under
development) types include Hound Dog, Bullpup and Matador missiles in abroad.

The air-to-ship missiles are attack weapons used by a missile-carrier aircraft

S. -~ to attack warships by midair launch. Weighing about 500 kg, these missiles have

a maximum rar4ne of 80 kn and a maxim,m velocity of Mach 2. The combat procedures

of these missiles are as follows: first, a radar set on the missile-carrier air-

craft or nearby shipborne radar set (on friendly warships) discovers a target.

While flying at minimunm altitude, the aircraft launches a guided missile, which

engages in inertial flight over the sea surface at cruising velocity. The missile

cliw:bs sharply while approaching the target; in the meantime the missile radar or

infrared automatic homing device tracks the target while commencing the final-

phase guidance fligtt. The missile dives into the water just ahead of the enemy

vessel and the missile-borne warhead detonates below the ship's water line for

maximun damage. If allowed by sea-surface conditions, the missile may not climb

* , abruptly but fly directly to the target. At present, the deployed (and under devel-

opment) types include Quail and Feiyu (Flying Fish) missiles .1n foreign countries.

The airborne anti-tank guided missiles are used for short-range midair sup-

port in attacking tnks. Usually, the airborne missiles are ground anti-tarn

guided missiles fittcd in helicopter or some light aircraft.

The counterradiation air-to-ground guided mistslez. are used to attack air-

defense radar or radar installation of anti-aircraft .gun; these missiler, are also
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cal](\ed rnti-r'atia missiles. At present, the deployed counter•'adiation ahi-to-

j•rotnd guidtd n.lsslhs .icludu . type.

Figure 8-4 shows outlines of some •rir-to-rXound guided tmissiles.

IV

4

S

Fig. 8-4. Diagram showing outlines of some air-to-
F~o,rd guided missiles: 1 - Hound Dog B; 2 - Nuclear
Hound Dog; 3 - Quail; 4 - Bullpup; 5 - Cormorant;
6 - Matador (television version); 7 - Matador (radar
version); 8 - Short-range attack guided missile; 9 -

Lark; 10 - Greyhound; 11 - Lankjian (Blue Sword); 12-
Kitchen; 13 - Kangaroo.

Air-to-grounr guided missilee. are shown in Fig. 8-r'. Different air-to-g'ound
missiles have different requirements in tactical applications, so there are dif-

ferent designs and perfcrrl•nce data.

omitW3 ().

-(5r*9L

Fig. 8-5. Main component parts of
air-to-ground guided missiles
Key: (1) Control vane; (2) Warhead;
(3) Missile wiig; (4) Control system;
(5) Engine.
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Aer••dynv•ic conf.irat lotu is of' air-to-j,,mound guided mi:siles Generally,

thcer r'cae cUnurd conffiur'atlcn aMd c nvent.•Wioil type for the acrodynuni.c coni',gu'a-

tions of tactical air-to-Exound guid, . ioeŽd.]e. Most lcng-aran-,e tactical air-

to-jgroixid missiies wuc of the conventlonal type, such as Bullpup mid Matador mis-

siles. Somc short-,rau-e tactical air-to-gt'ound missiles adopt the canard configu-

ration, such as Hound Dog missiles while others are of the conventional type.

Most arrangements are of the "x" shape for missile wings and ruddor vane surfaces

of the tactical air-to-ground missiles. Thle planie outlines of missile wings and
vane surfaces are trianLular and irre1ular trapezoid. The cross-sectional outlines

are level plate and rhonboid, among others.

The aerodynamic configurations of strategic air-to-ground guided missiles

include }'angroo and Kitchen missiles, of thc conventiona] type, -and Blue Sword

and Greyhound missl~es, of the carvd config,,uration.

Structural cha-acteristics of air-to-pwound guided missiles Because of

the short flight time and negligible aerodynamic heating, a light alloy structure

is usually adopted for the strategic air-to-ground guided missiles.

Oaing to the relatively long high-velocity flight time of strategic air-to-

ground guided missiles, structural aerodynamic heating should be prevented. In

addition, attention should be given to see that the missile can evade interception

by enemy air-defense weapons. For the Blue Sword missile, its body is a semi-

monocolue type purlin-skin structure and the missile wing has a multispar struc-

ture. Most of the monocoque of the Blue Sword missile has a double-layer skin

to prevent aerodynamic heating'

Power installation At present, engines used in air-to-ground missiles

are mostly solid-fuel or liquid-fuel rocket engines. Next in frequency of use

are turbojet engines and rocket-ranet hybrid enginies.

In the case of strategic air-to-ground guided missiles, they mostly use

solid-fuel rocket engines.

Several types of air-to-ship guided missiles under devellp,,ent use turbojet

engines.
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Gu•idace method In the early period of short-rangc tactical air-to-
ground I-,iid ,•-cI mi....Il•s, vioun] tracking mid radio con.mnid guidance were mostly

used. 1.iter, television and laser type uiidrnce was used.

For ]on-,-range tactical air-to-L7-ound guided missiles, television guidance

or inertia Evidance. with the addition of radar guidance in tlh final phkase are

employed.

For the strategic air-to-ground guided missiles, most comnon is inertia

guidance or inertia guidance with the addition of radar guidance in the finral

phase.

The air-to-ground guid.:d missiles have been developed along with the enhance-
ment of ground defense capabilities. When air-to-ground guided missiles attack

ground targets, the defensive fire power will be augnented to cope with the

invading aircraft, which can launch missiles only at some distance from the target.

Thus the missile range must be increased. So long-range air-to-ground guided

missiles were developed with ranges of hundreds of kilometers to 1000 km and more.

Some air-to-ground missiles take advantage of electromagnetic-wave radiation
during the startup of ground radar to attack radar facilities. Consequently, the

ground radar facilities halt operations and generate electronic interference as

a counter measure. Then again, a kind of high-velocity counterradiation air-to-

ground guided missiles was developed; the missiles can rapidly reach the target

and destroy the radar even before its operation shuts down. Several trends in

developing air-to-ground guided missiles are enhancement of guidance accuracy,

augMented all-weather attack capability, capability of attacking small moving

targets, and multiple reuse for a single missile.

Air-to-air Missiles

Air-to-air guided missiles are mrainly launched by interceptor planes to

attack enemy aircraft. Since the missiles can intercept enemy aircraft at a

distance from the key defense region, these missiles can form a unified air-

defense system together with ground-to-air missiles.
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WhAen en•.',' aircraft enrter the o!:sL le attack zone, our pilot can launch air-
to-r ... . A launche.d it,.sil. accelerates by u.:1A!i, Its erw.'ine Power
while the misils e rapidly leaves its carrier plane and approaches the enemy air-
craft. Duriuq mistk £lirp,ht, the on-boaud f~ujl.dc-cc syston mguides the missile
to the vicin'.ty of' enomy aircraft. When enemy aircraft enters the radius of
wotundIlng and/or ld2.llr, the milssile detonates the warhead, destroying] the enemy
aircraft. The cormbat procedure of an air-to-air guided ndssile against an

enemy aircraft is shown in Fig. 8-6.

(2)

Fig. 8-6. Schematic diagram of air-to-air
puided missile attacking eneny aircraft
Key: (1) Attackirn aircraft; (2) Guided
missile; (3) Target; (1) Scattering zone
of fragnents.

J.---/(2)

Fig. 8-7. Schenmtic structure diagram
of air-to-air guided missile
Key: (1) Missile wing; (2) Engine.

The structure of an air-to-air &uided missile is shown in Fig. 8-7. I
Since air-to-air guided missiles are fitted into an aircraft, missile weight

and dimen;ions are somewhat limited. Usually, the weight is between 50 to 200 kg,
and the missile length is 2 to 4 m; its diameter is also small, fron 0.12 to 0.4 m.

Air-to-air guided missiles are mostly of a wdng.ed structure. Generally, the
missile body is long and slender wh.le its nose is conical or egg-shaped. Gener-
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ally, the ridsile wis.; and vanc surfaces use the typrczal "1" or "+" shrpe in

arrai-4gci',ment; in othcr wovl(sh, there are t;,:o pairs of01' wirs and two Iairs of vane

surfaces. The arvanpýem(.nents of movable vane surfaces •and stationary missi.e wings

are in a canair co igulatdon or of the conventional type. The sidewinder mis-

siles are arranged as in the former case, and the Fire Beetle missiles are as in

the latter case, as shown in Fig. 8-8.

Fig. 8-8. Several types of air-to-air
guided missiles

In Fig.r8-8, the missile outlines f£om the top downward are those of Hawk,
Sidewinder, Fire Beetle, Matador R-511., and Sparrow 1.

SLayouts of aerodynamic configurations3 uf some air-to-air guided missiles are

quite diverse. For examples, canard configuration vane surfaces and single mis-

sile wing are used for Matador R-511 air-to-air missiles; Sparrow missiles lave

rotary wings but stationary stabilizer vanes for the missile tail section; and a

tail-less type is used for the Hawk air-to-air missiles.

Aerody-mic heating is not serious because air-to-air missiles fly at high-

speed only for a short time. Basically, present-day air-to-air missiles use a
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li,ý't alloy structure.

The velocIty of air-to-air missil.es is approx×iiitely Mhch 2 to Mach 3 and

the ranres vary i'rom several to tens of dilometers. The range of a long-range

air-to-air guided mi.ssile may be 100 kilometers or more.

It is required that air-to-air missiles should have greater velocity than

that of the carrier aircraft. Since the period of air combat is very short for

'modern interceptors, launch preparcdness of these missiles should be very short,

enabling them to rapidly attain combat readiness. At present, solid-fuel rocket

erý4ines me generally used for propulsion installations of air-to-air missiles

because these solid-fuel rockets have high specific impulse with convenience in

storage anm! operation. Under most situations, wn air-to-air missile is equipped

only with one eingine, which can rapidly accelerate the missile to maximutn velocity.

After the engine completes its operation, the missile flies forward by its inertia.

Because of aerodynamic drag, the missile velocity gradually decreases. Some mis-

siles are equipped with two engines; during launch, a booster engine accelerates

the missile, mid a cruise engine follows up to maintain and approach constant

velocity as in the case of Fire Beetle air-to-air missiles.

Shi-p-based Missiles

Since World War II, as missile technology developed rapidly, increasingly

guided missiles have been installed on naval warships with the advent of guided

missile cruisers, guided missile destroyers, guided missUe escort warsihips, and

guided missile patrol boats. These guided missiles are called ship-based missiles,

which are launched from warships (as tactical weapons) to attack targets on the

water surface and ground surface and in the air. Thus far, more than 50 models

of these missiles have been developed abroad.

A typical flight trajectory of a ship-to-ship guided missile is shown in

Fig. 8-9.

The range of a ship-to-ship missile is several kilometers to hundreds of kilo-

meters with velocities from Mach 0.5 to 2.4 and with a weight of tens of kilogrmns
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to soveral tons. MiUssiles of ]o,. o , ,, (½x,'vir w'.eifgjt '11- )hi[)Iir vlcecity)
are installed on cruisers, (dCstl'y•OeIN r ?d . 'ui LX1I]O5 ol' highci' tornilz;t. M.tisuiles

of shorter rarv nge and lower' vweight arc Thetllcd on missile patrol boats, torxtedo

boats, aud gunboats. Figure 8-10 shcv:; tipe uut~l~rcs of several types of ship-to-

ship misie.~

(2)(1) -... -... .

ioil

Fig. 8-9. Flight trajectory, of Fig. 8-10. Configurations of several
a ship-to-ship missile types of ship-to-ship missiles
Key: (1) Mother ship; (2)
Guided missile; (3) Tarket.

Ship-to-air missiles are launched from a warship to attack midair targets

(such as aircraft or ship-to-ship missiles); these missiles are defensive weapons

with flight trajectory as shown in Fig. 8-11.

(1) f~2 3)

Fig. 8-1i. Flight trajectory Fig. 8-12. Configpurations of several
of a ship-to-ship missile types of ship-to-air guided missiles
Key: (1) Mother wcuship; (2)
Guided missile; (3) Target.

Since ship-to-air missiles serve In attacking fast-moving midair targets,
these missiles have relatively high vwlocities, usually about Mach 2.5, or even
as high as Mach 3.5. The range is relatively short, generally not exc •eding 60 kIn.
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The altitude reached by a miszile is quite hi&h, generally between 3000 to 20,000

m. Usually, ship-to-air missiles a-c installed in relatively large warships,

such as aircraft carriers, cruisers, destroycrs, and subnnrin'res. Figure 8-12I shows outlines of several types of ship-to-air guided missiles.

At present, warheads of ship-based guided missiles are mostly dynamite war-

heads; sometJie, small nuclear warships are used.

II
The bodies of ship-based missiles are mostly cylindrical in shape. The lay-

outs of missile wings and fin surfaces are of the conventional type and the canmrd

configuration. In order to reduce the floor space occupied by missiles on ships,

often the missile wings are capable of folding. Arrangements of wings and fin

surfaces of ship-to-air guided missiles are similar to t1" se on air-defense mis-

siles.

Most sh*p-based missiles use two-stage power installations. The first stage

is called the booster for the launch phase; the booster enables the missile to

attain a certain initial velocity and to fly from the ship and reach a certain

flight altitude. The booster is separated after the missile launch is completed.

The second stage is called the main engine to continuously push the missile in

powered flight (after the booster power is cut off) until the entire flight
course is completed.

To sufficiently exploit combat power of ship-based missiles in meeting re-

quirements of modern naval warfare, there are the following development trends

for ship-based guided missiles.

Minimum altitude The flight altitude of a glided missile is reduced

for flights at a minimun altitude.

Solidification Solid-fuel rocket engines are used as booster and

main engine of a ship-based guided missile.

Multiple applications A missile can be used in several ways.
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Snaller and smaller missiles Small ship-to-ship Cuidcd missiles have

been developed.

In addition, guidance accuracy can be enhanced by au•,enting the antijamming

capability of ship-based missiles, and utilizinp laser technology.
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CHAT IX

CRUISE GUIDFMD rISSIIS

What Are Cruise Guided Missiles?

Cruise missiles are actually a type of pilotless aircraft with jet propulsion.

What d.nd of flight state is cruise? This is a flight state when the weight

and lift of a flight vehicle is balanced; also balanced is the engine thrust and

the flight-vehicle drag. The vehicle can fly under these conditions; it is a

kind of long-range 'aircraft-type guided missiles, which have wings and jet power

like an aircraft. Therefore, cruise missiles are a type of winged missile.

The range of a cruise missile is from 2000 to 8000 kilometers; the missile
flies along a low traiectory (in the atmosphere) toward a target.

Applications of cruise missiles are quite varied. Only by fitting appropriate

warheads as well as the corresponding control and propulsion systems, can cruise

missiles be fitted into short-range missiles or long-range missiles. The same type

of cruise missiles can be equipped with either conventional warheads or nuclear
warheads. Cruise miosiles can be laL iched either from a submarine or from an air-

* craft. Under development are cruise missiles capable of launching from sur-

face warships or motor vehicles on the ground.
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t,,I zguidance ;system of a cruise minsile applies terrain-matching technology

as well as inei'tia [gudarucc or final-phase- guidan-ce. Mhese tech,' , ques are proper-

ly combined to e.able a guidcd missile attain a guidance accuracy of within tens
of meters from the intended target. It is also allowed to permit extensive

selection of attack methxods; therefore, its rate of hitting the target is high.

The cruise missile is sna].l in volume and light in weight; therefore, a

* single aircri tt or ship ca carry a considerable number of' these missiles to

strengthen its attack capabilities.

Constr'uction costs of a cruise missile are quite low because the missile

travels within the atmosphere with only the consumption of a combustion agent but
no oxidizers. Especially in the case of cruise missiles capable of midair launch,
the launch mother-aircraft acts like a booster (with multiple reuse) so the mis-

sile costs can be further reduced. A lorn-range cruise missile is much cK aaper
than an intercontinental ballistic missile.

The cruise missile is a low-altitude penetration weapons; it has the follow-
ing advmatages In penetration technique.

Surprise attack A cruise YmIssile is launched outside of the enenm

air defense ring ar" travels in the blind zone of the early warning radar. The

missile engages "'. a low-altitude attack at supersonic velocity. Therefore, even

though the defense system is highly automated, it is difficult to halt penetration
by cruise missiles. For example, a cruise missile flies at a 400-m altitude.

If the missile flies at Mach 2 and at some distance it is discovered, the defense

system can only have about six seconds to shoot it down. As shown in Fig. 9-1,

"there are different flight altitudes of a ballistic missile compared to a cruise
missile and so there are different distances for a ground radar installation

to detect eack kind of missile. The detection distance for cruise missiles is
, short while that for a ballistic missile is long. So it is relatively difficult

Sto counterattack cruise missiles.

Hedgehopping and rapid pass For a cruise missile flying at low

"altitude, its angular velocity is higher than for a high-altitude weapon. For
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examplc, IC tn ai-craft fl.ics at 200 r/1,oc at 400--ir altitudc, tl,c ju1' veloC-

ity for a o'cu'.i :-..ti-aircraft -un (to atta.cký the alrcrax't) . t1a5 0 c.

The time.c pe.ricxi within t1-, cf'fective shooting range o.' tilo j-w- 1.i only about two

seconds. 'll-,crefo, for a cruise misvilo flying at hip-h velcty it paiocs by

quickly. This considerably reduces the probability of beingq- hit with Ulti-

aircraft weapons.

(4)

Fig. 9-1. Traj ectori,-,s of ballistic
missile and cruise missile
Key: (1) Traject")ry of ballistic mis-
sile; (2) Trajectory of low-altitude
cruise missile; (3) Wave beamii of ground

radar; (4) Target.

Flexible maneuverability A cruise missile can be launched from a

readily maneuverable large bomber or a submarine. In addition, the missile itself

can perform a maneuvering flight. For example, a cruise missile Shillelagh of

the United States cax. be launched from a Trident submarine. Other cruise missiles,

the AGM-86 A andl B, can be launched fr~om a B-.52 bomber. The combination of pi-

loted aircraft and pilotless flight vehicle, as well as the combination of a

bomber (or a submarine) and air-to-ground (or underwater-to-o'ound) guided mis-

* sile, can considerably expand the attack region without risk to the carrier

aircraft (or submarine); this can reduce pilot casualties.

Like any other weapons, a cruise missile also has some vulnerabilities.

Although] the cruise missile's low-altitude flight can cause considerable diffi-

culties to radar detection, yet the advanced downward scanning radar can still

detect this kind of missile. Since the air density at low altitudes is high, the

velocity pressure (its value being one-half of the product of the missile veloc-

ity squared and the atmospheric density) is also high; so aerodynamic heating
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is scric.us. As a result, cruise missile velocity is limited. Moreover, the guid-

Uancu ,ySt, - Of CIUI:ýcŽ m3C J.lus is al.:3o relatively complicated.

Makeup Cruise Missile

As a long-irwe aircraft-type nm;oilc, the cruise missile is n type of

guided missile. 'Thercforc, like other missiles the cruise missile is made up of

a warhead, a propilsion system, a flight control system, and a missile body.

The cruise missile is required to have good naieuverability and limited

volume. Therefoa'e, its warhead should have high power with small volume. Thus,

usually the warhead of a cruise missile is a nuclear or iAgE)-energy explosive

warhead.

For the propulsion system of a cruise missile, the specific impulse is high

anC t,', ad. sile configuration is small in dimensions. The thirust-to-weight

ratio of tht engine is high.

One engine cIpe used in cruise missiles currently developed is the integrated

type rocket-raij et engine. This propulsion installation is integrated with the

missile body; the solid-fuel booster and the ramjet engine share the same comr-

bustion chamber, so the rate of space utilization is quite high. The specific

impulse of a ramjet engine using liquid propellvrit is as high as 1200 seconds,

which is five times that for a solid-fuel rocket engine. Another propulsion

installation is the turbojet engine.

Cruise missiles fly at low altitudes in the atmosphere, at subsonic or

supersonic velocities. Their configurations are like aircraft-type guided mis-

siles with control surfaces and relyin, on aerodynamic force for maneuvering.

Since the air density at low altitudes is high, missiles face with hig& drag.

For example, for missiles with the same configuration, weight and velocity, a

missile flying at sea level is faced with 20 times the air drag compared with

flying at 20-km altitude. Therefore, the desi~n of the aerodynamic configura-

tion of the missile body is Fiven particular attention. As for lift, cruise

missiles only demrand an equilibrium between lift and weight. As indicated by
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tentincg, wirj,' of cruise missilc flying at I-nch 2 can be nmde snzaller, or even

done a,:y with entirely. The top po0l]ton of' Fig. 9-2 shows an outline of a

wI-loss cruise ?Id:silc under dcvelopr:~n1t. 'he lune-shaped air intake of the

intc7rvtdx1 type t'n;jct is phcod in the lcv;er part of the missile body. The

bottorn portion, of Fig. 9-2 shews an outline of a cruise missile (under develop-
eant) with small-aspect-ratio midsilo wirrs, whose area is very snmll with a

ststvainlined cocipact structure.
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Fig. 9-2. Outlines of two types Fig. 9-3. Digital map
of cruise missiles

Cruise missiles are a type of attack strategic weapon; their warheads should
have high power and very higi firing accuracy. So a highly accurate guidance
system should be required. For example, crW e missiles under development in
the United States use inertia guidance and terrain matching. In Soviet Union,

the cruise missiles under development use inertia guidance and active radar homing
guidance system

Guidance System of Terrain Matching

Are the guidance systems of cruise missiles and aircraft-type missiles

identical?

They are not identical. The guidance system of cruise missiles is rela-

tively complicated with high-quality requirements. Generally, there are terrain-

matching guidance, area correlation guidance, or global navigation satellite

guidance system.

Terrain-mitching guidance Terrain matching is a guidance system
for locating the cruise missile based on the charracteristic that there are
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different olevatiois above sea level at differunt points of theL gLround surface.
FirIst, we have to c011pr.rhend in detail the terrain that cruise mlssiles will fly
over. Mhen the terrain of these areas is depicted as dlital mrap, as shown in

Fig. 9-3.

How can a digital map be drawn?

Asstme that an area dig[ital map (10 km long and 2 km wide) has to be drawn

up. It is then required to have a reconnaissance satellite (or other moans of

reconnaissance) flying, over thq area to survey a reglonal topographic nap (10 km

long and 2 Ii wide) with sufficient resolving power. Many small squares (for
exanmple, 2000) are drawn with a side of definite length (such as 100 m). Each
small square has an average value of ground elevation above the sea level. A map
based on these features (the average values of g.round elevation of these small
squares) is called a digital map. In other words, only grids are divided small
enouda and the resolving power in surveying is sufficiently accurate, targets
such as houses, small towers and highway can be distinguished.

Terrain matching means that the digital maps (that the cruise missile will

fly over) are stored in the memory device of the missile onboard computer. When
the missile travels in air, its altiircter of the downward scanning radar can
read a series of groumd-elevation data, such as 33000156022500.... In the mean-

time, the computer quickly scans all possible digital sequences on the digital

map. This digital sequence is matched (compared) with the digital sequence

taken by the missile's altimeter. T1he conputer can recognize a line B-13'

corresponding to an altimeter reading. This means that the missile is flying

over the line B-B'. If this is the flijit trajectory required by the niissile's

stored-program, the computer sends a comand to the autopilot to maintain the

flight course.

If in the missile's stored-program, the correct course is line A-A' while
flying over such an area, this is a mismatch between the -Itimeter readings and
the digital sequence stored for the correct course. At that time, after its

scanning of the digital sequence in the vicinity of line s-B' the computer
discovers that the digital sequence (of the missile's correct course) is
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2210003'J404.9'30...., and then the ditu-ice between liles 12-B' and A-A' is calcu-

lated. At thu ounc tiiw., the cuputur ,;unda an inotruction to the autopilot for

a S-shaped irmn(uvurn.,ng flighit until the altilcter readinsi tuw r'tched with the

digltal sequenec of line A-A'.

Of' course, it is not necessary to use terrain-nutching guidance for the

entive course from beginning of launch to the target. Thiis would be quite

complicated wrid would require a large meory storage capacity. The 'M ,ain-

matching system cca periodically correct the course error of inertia y.iidance.
The entixre missile trajectory is cctposed of several sections. The missile is

under inertia guidan-ce during flight a.1ong the varlous sections*. Terrain matching

is used only in several appropriate areas to check the position signals of
inertia guidance and to correct the errors of the guidance system during flight

along the previous sector1 as shown in Fig. 9-4. If the selected terrain

discrimination has apparent features, satisfactory accuracy can be attained.

Fig. 9-11. Terrain matchir-4!: the
prescribed traje ctory; t- he actual
trajectory.
Key: (a) Launch point; (b) Inertia
flicht; (c) Terrain discriminatilonarea I; (d) Terrain discr).nation

area 2; (e) Terrain discrtr-ination
area 3,' (f) Final-phase guidance areas;(g) 11he

Area correlation guidance system 'Ehis system is similar to terrain-
matching guidance syFtem. The main distinction -.etween them is as*.'follows: the

tpap used for the area corredation guidace systeii; is not drawn according to

traj eatery
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juI'ound ulevat~ioiu Llbovu .ýea levul. LDiffol'reccul in flLtcrowvudoL. rct~luctod by dif-
ferent. featurwo of rrotzd Owr'itace serve as the banin for draw;ing the digital maip.

In other' wo]i\s , the rvnp in drawn by u:3ing the electrormap')otic spectrum.

T1he sensor used in the area correlation guidance system is a localizer, not

an altimeter. So in adopting the area co'rclation guidance system, it is neces-
sary also first of all to store tho sign7als (of the prepared map) in the menory

storage device of the onboard missile conputer.

When the missile travels in air, its localizer surveys the area (such as

rivers, roads, and housee) it passes by. Different reflections of microwave

signals are fed into the computer, which coilpares the received signals with
the map (electronvoetic spectrun) si[7ials in the nmmorn, unit; error signals

are then sent out, Based on the error signals, the computer sends a conmrand
to the autopilot for necessary actions in order to restore the missile to its

predetevmineJ course.

Global na igat.lon satellite giddance system This system requires 24

satellites in earth .i,•bit; their positions are so arranged that at any time on

the ground at least four satellites can be seen. During operation, every

ten-millionth of a second an accurate synchronous encoded signal is transmit-

ted by a satellite. A receiver in the missile sends the signal at the right

time to missilets corrputer, which calculates the distance between the missile

and each satellite based on time differences of the four signials received. Then

from the satellite data of the earth orbit, the actual position of the missile

can be deteminned. The location is accurate to within 10 m.

Combat Procedure of Cruise Missile

(1) Combat Procedures of Cruise Missile Launched From Sea Surface

Let us assume that the cruise missile is launched from a subnvzine, At the be-

ginning, of combat, the missile (with its protective cylinder) is placed in a

torpedo tube. The subn'r, ine's launch control system is used to test the missile

then the inertia guidance system executes the aiming, of the missile. The
operation takes approxJnitely 20 idnutes. Then the hydraulic catapult system
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of the subi.zu'Jn- pushS,- the G:3~silt out cf the torl(;do tube. The •A.e I, con-

necteid with a ,uy wire (about I2 rn ThA %1, which ru!2:: out tli: i.Jlc illd actuates

the safety lock device. 'T1,0 bocotci' ý., lii~ted; tLe ;2•tu-ti,, (slhn•er sins

into the sea after the missi~c is catapulc'cid I''o:n the toredo tule, '1hc launch

depth is about 15 rr.ters below the ova surface. After the i-;Joilc orpofgJs fr-rii

the sca, the air intake is oJ. end and fins mro cxtendcd, When the missile is

* Iboosted to about 300 zi flrom the sea surface, the boostc r.s .:;•,,•,.ated; the turbo-

fan engine is started, the missile wings ure extended, uid the 1,,uidTce system
Sbefgins operatix4-,. As the missile attains its iitxizrm•x altitude, the thrust also

reaches its rated value. 'hen the missile descends to its rio~rial cruising alti-

tude. From launch to the normal cruise altitude lasts about one irdnute. For a

typical launch, the booster operating ti•e is approximately 10 seconds; the

first five seconds are used for booster f] irht wder,:atcr while the second five
seconds used to push the 'dssile to an altitude of 100 m. ;igue 9-5 show,,
the flight course of a cruise missile launched from a submiarlne.

(3)jnv I= -- w

14 ( (7) V.'tiAl
Rig. 9-5. Trajectory of a cruise missile
launched from a subnma,ine
Key: (1) Submarine; (2) Missile eiergirng
"from water; (3) Separation of booster; (4)
Firing of' miain engine; (5) Beginn!ing of
cruise; (6) low-altitude flight; (7) IgIn-
tion.

The guidance system of this type of cruise missile is mostly inertia guidance

with the addition of terraIn matching During the flight, the on-bcard conputer

com•ares the terrain sign-als as the mi.ssile f'liJes by with the course topographic

map storezd in conputer's mrcmory device to derive crior data from. The ccmputer

then sends an instruction (bascd on the error data) to the autopilot to restore
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thc ndssile to the prxcoteirinud cour-Oo. During the flirht, the mrLssilets course

L kis continuou3ly corrected until the tarj;ut is hit.

(2) Combat Plrocedurcs of Cruise Missile launched in Air

How does a cruise missile eigare in combat after it is launched in air?

The conmat procedures of air-launched cruise missiles are generally the same
as the subrmarinu-launched missiles. Thie air-launched cruise missiles are loaded

in a mother aircraft, which launches these missiles. A bomber usually can carry

several cruise missiles within the fuselage or suspended below the wines. The

launch altituLcs can be flexibly controlled. Before launch, the mother aircraft

performs positioning and aiming as well as providing electric power and cooling

air. During launch, the electric power supply system feeds electricity to auto-

pilot and conputer; the power is used for extension o2 control surfaces, starting,

of eng&ie, and nmneuvering of elevons. During cruise, a direct-current generator

(engine-driven and air-cooled) supplies electric power. After the missile is

launched from the mother aircraft, the air intake opens 0.1 sec later. The fins

and wings extend successively in about 0.5 to 2 sec, and the engine starts ii

about 0.5 se1. Usually, the rated thrust is attained in about 10 sec. The guid-

ance method is the same as for submarine-launched cruise missiles.

When an air-launched cruise missile flies over undulating terrain, the mis-

sile can perform terrain tracking at an altitude lower than for the submarine-

launched missile. While approaching a traget, the closely-guarded defensive

area is evaded according to the on-board progran. At about 25 1m from the tamget,

the engine delivers its rated thrust so the missile can penetrate the defense at

subsonic velocity until the target is hit, as shown in Fig. 9-6.

Cruise Missiles: Past and Present

Several decades have elapsed since the advent of cruise missilev, which were

developed sporadically.

Initial development stage Cruise missiles were dcveloped on the

( basis of V-1 aircraft-type missiles. As early as World War II, the German
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fasci•;ts di'V'O.. Ceveloped Wui.1 deployed the V-1 a[Lrcr'.L't-tyjcx r;..I;Icu, wich were
cqul~pp',d wi~th rot-too-ccq;licatcd roclict ernrine. 'ihet;e V-1 ,mL;l. , r..l 1U1

pi3otlc•.",'c:'a't colntr'ollcd by autopilot.

Fig. 9-6. Diagram showing an air-launched
cruise mdissile in flight

Following World War II up to the late 1950s, this was a period mainly of the
trial n=mufacture of these missiles, which were crude and bu)'hy with low accuracy

and low velocity.

Suspension stage Before and after the 1960s, advanced ballistic nis-
siles were developed; so missiles i•,proved from the V-1 phase were gradual~y

retired because of their vulnerability under enemy fire owing to low velocity

and low accuracy.

tThe restoration and development stage covers the period from the early

1970s to the present. Because of advancements in electronic technology, highly
accurate guidance systems eme•ged. In addition, developments in small turbofan

Jet engines and small warheads considerably reduce the volume and production cost
of cruise missiles, which can fly at minimum altitudes for a greatly enhanced

penetration capability. Thlese developments not only ,resurrect the cruise nis-
silo but also account for its fast-paced development. In June 1972, a decision

was made in the Urited States to develop two types (submar.Ine- and aircraft-
lauichcd) of criul,, missiles. Sea-launched cruise missiles are launched from

submarine torpedo tubes; air-launched missiles are launched ftrom bombers or other
aircraft (such as the Boeing 7V17). These cruise missiles can be launched outside
the enemy defensive ring.
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BALLISTIC MISSILES AME STILL UNDER DW'tIPMENT

Developments of ballistic guided missiles have been covered nmre than three

decades from the emergence of the Gern-an V-2 to the present; these developments

can be generally divided into three periods as three generations of missiles
were developed and built.

The first period is from the early 194l0s to the late 1950s for building

the first-generation missiles, such as the Thor and Atlas in the United States,

and SS-4 and SS-6 missiles in the Soviet Union. The first-generation missiles

had the following characteristics:

1. Missile performnance was still low. The warhead was bulky; the specific

power (the ratio between warhead detonation power and its weight) was low and,1j
likewise for its accuracy.

2. Liquid propellant was used, mainly low-teirperature propellants (like

liquid oxygen). The launch preparation required a long period.

3. A single warhead was used per missile. Every missile could be ained

at only one predetermined target without the capability of changing its aim

toward other targets.
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4. MlsolmV.i wore stored and ]auncl;ud on ýg-owid sauface so they could be

easily spotted by aerial or Space reconraii.sccc. Survivability was low so

theoe misoilcs could be easily destroyed.

The second period i; ftaom tVe late 1950s to carly 1960s. In this period,

the nuin development requirecent was survlval after, a nuclear strike against

missiles. q'he principal cha:racteristics of the second-generation ballistic

missiles (under development in this period) are as follows:

1. Compared to the first generation, there was better missile perfoinance,

such as better accuracy, range and specific power.

2. These missiles used solid propellant or storable liquid propellant, so

the launch preparation time was shortened.

3. The launch mode was converted from groundr launch to underground or

underwater launch; the deployment was converted from relatively concent:1atcd

siting to dispersal siting. So the survivability was improved.

4. Multiple warheads with a certain degrec of n~neuverability, since a
missile could be aimed at several targets, irade their advent.

5. The development pace was rapid in building solid-fuel ground-to-ground

as well as submarine-to-ground guided missiles.

The third period is from the mid-1960s to the present. Following missile

developments of the first two periods, accuracies in guidance and target strike

have been much enhanced. In the development of ballistic gtided missiles, anti-

missile missiles came on the scene. So in this period, ballistic missiles

should evade attack by enenm missiles and interception by enemy anti-missile

missiles. Therefore, the characteristics of the third-generation ballistic

missiles are the development of guided missiles with multiple warheads to enhance

the penetration capability. In addition, survivability should be increased by

hardening the silos or extending the range of submarine-to-ground guided missiles.
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How will strategic balli.ýtic r.ls.siles develop in the futur.? "3cif-presecva-

tion aid elilIV.tion of eciryl" is a basAc militar.y principle. I~welop:•cnts of

strategic ball1iitic missiles also conffoiii to this principle. "c" 2 f-p re,:;crvation

mvnais en-anceimnt of missile survivability while clininratlon of enemy means

irprovements in missile's penetration capability and target strike accuracy.

Enhancement of Survivability

Below are described methods for enhancing survivability of ballistic guided

missiles: (1) the missiles are concealed so detection by enemy forces will not

be easy. (2) Launch sites are hardened, so the missiles can withstand nuclema

strike to a certain extent. (3) Missiles can be moved from site to site for

launching, so enemy will find too difficult to detect the missiles' storage

and launch sites. As the reconnaissance techniques are more and more perfected,

and the continuous enhancement of target strike accuracy and warhead power

advances, it is possible for a subwarhead to destroy a silo. Even if the bal-

listic missiles are concealed in hardened silos, it is still difficult to evade

destruction by enemy nuclear strikes. Since either concealment or hardening

of launch sites means limited inprovement in raising missile survivability,

only mobile storage and launch can enhance survivability more productively.

So at present the development of mobile missiles is an active concern.

There are three directions in developing mobile missiles: underwater, in

the atmosphere, and by surface transport. The development of submarine-to-

ground missiles provides fairly high survivability. However, there are certain
shortcomings, such as high- construction costs, low accuracy, and vulnerable

submarine bases. Therefore, it is feasible to increase the nimber of subnarine-

to-ground missiles, but not all nuclear missiles will be placed in subnWrines.

Airborne launching involves missiles on aircraft. In developing these missiles,

there are more technical difficulties and higher costs as well as relatively low

accuracy. Missiles capable of surface transport involves missiles moved on or

under the ground. Development of these missiles is technically not as difficult

as other methods, with low costs. However, transportability is limited and

so the survivability is relatively low.
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At preocent, uider resecach abroad are rdssiles is the airbor'nc launch t.ode

and surfacu tran:.;pcft launch mrcdc. Althouf)i techmical difficulties are fairly

hioh in the four.r cas;e, the survivability is also higcr. So the Untited States
Air Force is inclincd to engage in airborne tr'onsport launch mode. There cae

many versions of mother planes catrying guided missiles, including widebody jet

liners, giant transport craft, !rodiuri-size aircraft, vertical takeoff and landing

aircraft, helicopters, and wmphibious aircraft.

The survivability of the surface transport launch nXmXe Is not as high as

for the airborne transport launch mode. In addition, the transport distance

in the surface mode is quite lJimted but it is easier to carry out the mode.

There are several schemes of surface transport launching, such as by railway, by
highway, by inland river, by hovercraft, by cross country, and by moving from

several U'ound shelters. In the mobile mode involving several ground shelters,

a series of shelters are excavated. A guided missile is stored in turn among

several shelters, so that the enemy is not likely to know which shelter houses

a missile. At present, more research is underway on the surface launch mode

with underground transport; in general there are the three following types:

(1) a series of hardened shelters are excavated for launching the mdssile, with

an underground road connecting different shelters. The missile is moved from

shelter to shelter via the underground road. (2) A trench is excavated; the

trench is covered so that it provides some anti-pressure capability. The mis-

sile is moved on rails inside the trench so that the enemy does not know the

exact location of the missile. (3) Passages are dug under lakes, ponds or

* riverbeds so that missiles can move freely from shelter to shelter undetected.

A missile in the mobile launch mode requires solid fuel as propellant. The

"transport vehicle can be used either as a means of transportation or as a launch

pad. It is intended to place a missile into a container, which :.s insulated

* and can withstand shocks. The container can be also used as a launch tube,

* and it is integrated with the transport vehicle into a single entity. In peacu-

time, the container Is placed horizontally. During launching., the container

can bc erected to launch the missile vertically.

Enhancenmnt of Penetration Capability
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it is difficult to ooncr¢i..l 1ih real wrha:S by r'eleasl.ngý, ligjhtt ulv h( avy decovs.
rmicrofore, active poncti-'ation masur-es should be usecd. At pr,:.5,-nt, the0. otcýi•,

warhead can be Lguided and miarwuvered, but not subwah,:ads; Lss., • i deploymrent
at present with 11.e1, ar'ate-gutiddre-1yp, IllLple warheads ar'e of' thl.s type. Under

priority development are maeuverable multiple warheads while both the irather

warhead and subwarheads can be gu:,ided and ian-euvered. 'lThus, ant i-missile mis-

siles are relatively difficult to intercept. In addition, multiple warheads can

attack several targets because each subwarhead can attack a separate target. So

the -m-aeuverable multiple warheads have a relatively high capability of penetrat-

ion as well as a damaging effect with the woundinC and/or killing of people.

Additionally, there are partial orbit weapons for penetration. A warhead

is first launched to enter an orbit hundreds of kilometeirs high; the warhead

tLen reenters the atmosphere over the target area. Since the descent velocity

is high (only requiring about two minutes to reach the [Wound surface), defense

against the warhead is not easy. However, the accuracy of this weapon st 11

remains a problem so relatively complicated procedures of final-phase guidance

are required. The partial orbit weapon is still in the exploratory stage.

Enhanocement of Missile Accuracy

rn cIn order to auent missile accuracy, generally speaking the guidance accuracy

must be improved to lower missile errors not related to guidance (such as the

asphericity of the earth), and to adopt mediuqi and final-phase guidance.

At present, the accuracy of the inertial element of the guidance system has

been much improved. For example, the accuracy of the acceleration chart has been

raised from several thousandths for V-2 missiles to several hundred-thousandths

for present-day missiles. Gyroscope accuracy has been raised frn)m several degrees

(of drift) per hour to several hundredths or thousandths of a de•fgee per hour,

a grain of mre than a hundivdfold. Alrendy developed are hig'jhly accurate elements,

such as the laser ,yroscope (with no spinniing rotor) and the sine cta °e accelera-
tion chart.
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41-ssllo ci'ror:, riot relatedj to j iui~(ihicte~;' nI( VIIA Ii]

11rCP3 u.-t 1oI)('~ I n ~rtC I" Incl~Iude U 0w'i11(L L!,; IýPen!:

ervor~~~~~~~~ ar1e n ftrifc ',vein;,hcau..'e thre enfiine tirve~"t 8t. e1-aruio1. e

br'ou;vIht intnAvto zero. Ivioucna1error,.; includrý thepotin.lcro'

of tarret coovd. i iiter;, cailcu*latlon err;of the pýeodetic r' a n o rd rrri--vlty

ancrivialios duo to dii'fer-enoe-,; betw.-een U ie calculated reference j7'avlt~y andI t~he

act7a-gavity on the earuth's ourface. 'Mhen the roquirornent- on mllzoilo accuracy

are low, the non*-gd7idance-related L~rvors are minor. I-1owever, when there are hir~ii

requi~rernento on missile iccuracy, the non-gaidarice-r-elated errors shioul~d lit re-
duced or even elimi~nated.

Later, the guidance system nay require an advanced intertial reference

sphere to replace the curýrently-usedl ryroscope and gi~mbal system. The reference

smaller than the current system error; accuracy can be held to less than- 100shr camietysnemsiepth a, oladvlct iherr rc

from the ýintended target.


